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ABSTRACT
Two trials were conducted to study the effects of chlor­
tetracycline on dairy calves raised in a new and in an old 
"barn. The first trial consisted of 30 newborn male calves 
(18 Holsteins and 12 Jerseys) which v/ere housed in an old 
barn. In the second trial, 31 newborn male calves (12 Hol­
steins and 19 Jerseys) were used and were housed in a newly- 
constructed calf barn. Group I was fed no antibiotic and 
served as the control, Group II received chlortetracycline 
orally (50 mg. daily per calf), and Group III was adminis­
tered 400 mg. chlortetracycline weekly by intramuscular 
injection. A total of 54 calves were slaughtered, 27 calves 
at the end of 12 weeks of age and the same number at the 
end of 16 weeks of age in order to obtain carcass and organ 
weights and measurements.
Data obtained showed that all antibiotic-treated calves 
in both barns made statistically significant greater body 
weight gains and consumed their feed more efficiently than 
their respective control animals at 4, 8, 12, and 16 weeks 
of age. There was no significant difference in growth rate 
of the calves between the two barns. The results obtained 
in this study, therefore indicate that regardless of the 
type of environment in which calves are raised, chlortetra­
cycline administration increases growth rate.
xix
The occurrence of scours was more prevalent in calves 
at the old barn than at the new barn. Only the intramuscular 
administration of the antibiotic was effective in controlling 
scours in the old barn; whereas, in the new barn, both the 
oral and the intramuscular administrations of the antibiotic 
W6re effective.
There was no significant difference in percentage of 
hemoglobin, hematocrit value, plasma calcium and inorganic 
phosphorus values, and leucocyte counts between treatments.
Chlortetracycline administration increased dressing 
percentage and the size and weight of the cuts of highest 
value in the veal carcass. Carcasses from chlortetracycline- 
treated calves showed a higher meat yield than those from 
calves fed no antibiotic.
The chlortetracycline-supplemented calves showed 
statistically significant heavier thyroid glands, adrenal 
glands, liver, heart, spleen, testis and thymus, in comparison 
with corresponding organs from the animals receiving no 
antibiotic.
Thinner illeal and jejunal walls of the small intestine 
were obtained in the antibiotic-supplemented calves.
The most probable mechanism which explains the growth 
stimulatory effect of chlortetracycline for young ruminants 
is through its influence upon increased efficiency of 
nutrient metabolism. Less TDN p6r lb. body weight gain was 
required in the antibiotic groups in comparison to the
xx
control animals. The over-all thinner intestinal wall of 
the antibiotic-treated calves indicates that there could 
have been a faster absorption or passage of nutrient from 
the gastro-intestinal tract which further aided in the more 
efficient nutrient metabolism in these animals.
I. INTRODUCTION
Every year high mortality at an early age is encoun­
tered among farm animals* In pigs, 20$ die before they 
reach the age of eight weeks, and 3 *5$ die after weaning 
time* Mortality in lambs i3 12$ before they reach market­
able weight* Calves have a 9*8$ mortality rate before one 
month of age and 2*2$ thereafter* Chicks have the greatest 
death rate, about one In every four chicks dying at an early 
age (137)•
The observation by Moore and associates (100) in 19i|-6 
that streptothricin, streptomycin and succinyl-sulfathiazole 
increased the growth rate of chicks, and the discovery of 
chlortetracycline in Lederle^ "APF" supplement led to much 
research work to ascertain whether these antibiotics are ef­
fective In reducing the mortality rate among farm animals at 
an early age* Attention has al3o been focused on the role 
of antibiotic3 In stimulating the growth rate of young farm 
animals* Up to the present time it is well established that 
adding small quantities of various antibiotics to rations 
fed to chicks, turkeys, pigs and calves produce beneficial 
effects* Increased growth rate, Improved efficiency of feed 
utilization, and reduced mortality rate have been reported* 
The results have been repeatedly demonstrated in both ex-
2perimental trials and on the farm*
One of the first indications that the feeding of anti­
biotics to young ruminants was beneficial was reported in 
19^0 at the Louisiana Agricultural Experiment Station*
Since then, numerous studies have been conducted to investi­
gate the merits of feeding small quantities of antibiotics 
to young ruminants* Results obtained indicated that only 
chlortetracycline and oxytetracycline have definite feeding 
value* However, further research is needed before definite 
recommendations can be made for other antibiotics*
The mode of action of antibiotics in promoting growth 
rate, in increasing the utilization efficiency of feed, and 
in reducing mortality of young farm animals has not been 
fully solved and understood* Several hypotheses have been 
advanced pertaining to this matter* It has been postulated 
that antibiotics improve the utilization of various growth 
factors in the following ways: (1 ) inhibit the growth of
micro-organisms that destroy or inactivate growth factors,
(2 ) enhance the growth of micro-organisms that synthesize 
growth factors, and (3 ) eliminate bacteria which produced 
toxins that decrease the growth of the desirable types of 
bacteria or affect the host directly. It has been further 
suggested that antibiotics reduce mortality in young farm 
animals through their anti-infectious actions and their 
ability to destroy harmful bacteria and other micro-organisms 
that cause diseases. At the present time no substantial ex­
perimental evidence has been obtained to support these postu-
3lations.
The series of experiments with dairy calves reported in 
this dissertation were conducted to study the effect of 
chlortetracycline on calves raised in a new-uncontaminated 
calf barn and in an old calf barn* Also, carcasses and the 
internal and endocrine organs from these animals were in­
vestigated with the idea that this information might help 
clarify the complexity of the mechanism of chlortetracycline 
as a growth stimulant for young ruminants.
II. REVIEW OP LITERATURE
The literature on this topic is so voluminous that only 
references pertinent and significant to this study have heen 
included.
A. The Discovery of Chlortetracycline
During the last 17 years numerous antibiotics have been 
Isolated from cultures of Actinomyces. These antibiotics at 
low concentrations Inhibit the growth, activity, or multi­
plications of various micro-organisms.
The first antibiotic isolated from a culture of an 
Actinomyces was actinomycin in 19lj-0 by Waksman and Woodruff 
(139)» Two years later, the same workers (II4.O) Isolated the 
first antibiotic which possessed chemotherapeutic possibili­
ties (treatment of human and animal infections) from the 
Streptomyces lavendulae group and was designated as strepto- 
thricin. In 19^3 Schotz, Bugle and Waksman (126) Isolated 
from Streptomyces grlseu3 the first Actinomyces-produced 
antibiotic that found application as a chemotherapeutic 
agent. This antibiotic was called streptomycin. Since then, 
hundreds of cultures have been isolated and tested for anti­
biotic properties. Broschard and coworkers (26) reported
4
5that Dugar of the Lederle Laboratories, Pearl River, New 
York, isolated an antibiotic from Streptomyces aureofaciens 
while searching for fermentations which contained vitamin 
These whole cultures from the organism contained not 
only vitamin tout also a second growth factor which was 
named Antibiotic A-377* Later it was named ’'aureomycin" 
from the color of the parent Actinomycetes and the golden 
color of the crystalline antibiotic. The structural formula 
was later established after intensive investigations of the 
chemical and physical properties of the antibiotic (26, 1 3 1 )* 
Based on the structural formula, it was named chlortetra- 
cycline because of the presence of the atom chlorine at the 
Gl6 Pos -^^ o^n an<a- the naphthacene skeleton of the antibiotic.
Chlortetracycline differs from oxytetracycline by the 
absence of a hydroxyl group at 0^ .2 the substitution of a 
chlorine atom at the These deductions were supported
by the isolation of the acid VIII (Figure 1) from chlor­
tetracycline by methylation followed by permanganate oxida­
tion (1 3 1)*
The growth-promoting effect of crude preparations of 
Streptomyces aureofaciens cultures to animals was reported 
in 19i|-9 by Stokstad et al. (133)• These workers fed 20 to 
60 g. of Streptomyces aureofaciens mash per kilo of diet to 
chicks. Growth data showed that Streptomyces aureofaciens 
mash-fed chicks grew faster than chicks fed a diet supple­
mented with crystalline vitamin B-^ ov liver extract. The 
growth response was later found to be due to the presence of
6Figure 1
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7chlortetracycline in the Streptomyce3 aureofaciens mash 
(132). Since then, voluminous studies have been reported 
supporting the growth-promoting effect of chlortetracycline 
in both laboratory and farm animals.
B. Chlortetracycline and Young Ruminants
1. Dairy Calves
One of the first reports on the effect of chlortetra­
cycline on young ruminants was made in 1950 by Rusoff (116) 
of the Louisiana Agricultural Experiment Station which indi­
cated that small amounts of chlortetracycline supplement 
(2 .2 7  g. chlortetracycline per 100 lb. feed) in a grain ra­
tion stimulated the growth of dairy calves during an 8-week 
experimental period. This finding was substantiated by 
Bartley et al. (7) of the Kansas Station. They reported 
that the feeding of chlortetracycline increased the body 
weight gains of young dairy calves up to 7 weeks of age by 
preventing scours. The chlortetracycline feed supplement 
contained 5 mg* of chlortetracycline per gram and was fed 
daily, by capsule, at the rate of 3 g* per 100 lb. of body 
weight. At the Cornell Station, Loosli and Wallace (86) re­
ported an increase in the rate of gain of young calves and a 
decrease in the incidence of scours by feeding 56 lb. of APF 
supplement per ton of feed or 10 g. of crystalline chlor­
tetracycline hydrochloride per ton of feed.
Subsequent reports by various workers have confirmed
8the beneficial effects of feeding chlortetracycline to young 
ruminants obtained at the three stations*
Bloom and Knodt (18) of the Pennsylvania Station investi­
gated the value of chlortetracycline in milk replacements for 
dairy calves* They found that calves receiving chlortetra­
cycline at the rate of 2 g* per 1 0 0 lb* of ration gained at 
a more rapid rate throughout the entire 1 2-week feeding 
trial* The chlortetracycline-fed calves had a 20$ increase 
in growth rate over the control animals at the end of the 
study*
In an experiment with twenty-four newborn calves, Bart­
ley and coworkers (9 ) reported that the weight of calves 
receiving Aurofac, a product from chlortetracycline fermen­
tation, at a level of 4 5  rag* of chlortetracycline daily for 
1 2 weeks averaged 228$ of their birth weight; whereas the 
weight of the control calves averaged 190$. These workers 
also found that the administration of Aurofac resulted in a 
considerable reduction in the incidence of scours and colds, 
and the calves were in better physical condition than the 
control calves* Moreover, calves receiving the Aurofac con­
sumed 6 7$ more grain than did the control calves during the 
first 7 weeks and 2 2$ more from 7 through 12 xtfeeks*
The responses of 116-day-old calves to chlortetracycline 
feeding have been reported by Jacobson et al* (67) of the 
Iowa Station* Galves fed chlortetracycline at the level of 
8 0 rag. per head daily previous to and after 1 1 6 days of age 
made the most rapid gains, 2 lb* per day; whereas the un­
9supplemented control calves averaged 1 . 7  lb* gain per day. 
Introduction of chlortetracycline Into the diet of calves not 
previously fed the antibiotic resulted in an early Increase 
in growth rate, while removal of the chlortetracycline from 
the ration caused an abrupt diminution in rate of growth.
Rusoff (1 1 7 ) clearly demonstrated that a chlortetra­
cycline supplement (Aurofac) fed at a 2% level in a grain 
ration stimulated the growth of ruminating dairy calves (II4. 
weeks old) by approximately y~>% as compared to control ani­
mals for the first 6 weeks. Continuous feeding chlortetra­
cycline after 2>k- weeks of age resulted In no stimulation of 
growth rate of dairy calves. The body weight gains of the 
chlortetracycline-fed calves at the end of the experiment 
were similar to those of the control group*
Bartley et al. (10) reported that the Aurofac supple­
ment of chlortetracycline at a level to supply mg. of 
chlortetracycline daily for each 1 0 0 lb. of calf weight was 
more superior in promoting growth of young dairy calves, 
from birth to 1 2 weeks of age, to the pure crystalline anti­
biotic at the same level of feeding. However, from 13 to 2$ 
weeks of age, only the calves fed the crystalline form 
showed a significant increase in growth rate over the con­
trol calves. There was no significant difference in body 
weight gain between the control group and calves fed chlor- 
tetracycline in the crude form (Aurofac).
Hlbbs and associates (6 3 ) of the Ohio Station tested 
the effect of feeding chlortetracycline to newborn Jersey
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calves fed different ratios of hay to grain* They found that 
regardless of the ratio of hay to grain fed, the chlortetra- 
cycline-fed calves made greater gain both in body weights 
and in heights at withers and consumed less feed per lb. of 
body weight gain* Chlortetracycline in the form of Aurofac 
2A was fed at the rate of 15 mg. per calf daily.
Rusoff, Davis, and Alford (120) studied the growth- 
promoting effect of chlortetracycline on young calves weaned 
from milk at 30 days of age. They observed that a chlor­
tetracycline supplement fed at a 2$ level in an all vegeta­
ble protein calf starter ration and crystalline chlortetra­
cycline, fed by capsule at a level of 75 to 1 5 0 rag. daily, 
stimulated the growth of dairy calves by 2 0$ over that of 
control animals at the end of 16 weeks of age. These workers 
also demonstrated that chlortetracycline per se was respon­
sible for the growth-stimulating effect of the chlortetra­
cycline feed supplement (Aurofac) and not its content of 
vitamin or other factors* The pure crystalline chlor- 
tetracycline-fed calves and those calves fed the Aurofac 
attained similar increase in growth rate throughout the 16- 
week feeding trial.
In another experiment, Rusoff and associates (118) 
tested whether the type of protein source would influence the 
effect of chlortetracycline on young calves when weaned from 
milk at an early age. Data obtained indicated that chlor­
tetracycline supplementation at the level of 5 0 rag. per calf 
daily produced an increase in body weight gain regardless of
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the type of protein in the ration. The average daily body 
weight gains of the chlortetracycline-fed calves were 1 0 to 
20% higher than the average for the basal groups. An analy­
sis of variance of the data 3howed that these differences in 
growth rate were significant at the level of probability.
Rusoff et al. (121) investigated further the problem of 
whether the method of administration of chlortetracycline, 
orally or parenterally, to dairy calves would influence the 
beneficial effect of the antibiotic. Results showed that 
5 0 - 7 5  mg* chlortetracycline per calf daily, either fed 
orally, or administered parenterally at a rate of ij.00 mg. 
weekly, stimulated the growth rate of the calves. The in­
ject ed-treated calves showed a 30% increase in body weight 
gain over the control animals; whereas the oral-fed calves 
showed an increase of 20%• Better feed utilization efficien­
cy was also observed in favor of the supplemented calves 
over the control animals. Scouring mainly occurred among 
the calves of the control group.
Ronning and associates (Ilf?) of the Oklahoma Station 
studied the effect of chlortetracycline— administered orally, 
subcutaneously, and intramuscularly— upon the growth of dairy 
calves raised in a thermostatically-controlled barn. The 
temperature was approximately 65° P. during the entire 4- 
week feeding trial. Another group of twenty calves was kept 
in an uncontrolled-temperature barn. The temperature ranged 
from 8 0 ° to 85° P. during the entire experimental period.
The results indicated that only the calves fed orally with
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70 mg. per day and 2 5o mg. weekly of chlortetracycline 
gained heavier body weight gains over that of the controls 
from birth to 4 weeks of age in the temperatur©-controlled 
barn* No beneficial results were obtained from the subcu­
taneous implantation and intramuscular injection of 60 mg. of 
chlortetracycline. In the uncontrolled-temper&ture barn, all 
the antibiotic-fed groups attained greater body weight gains 
than did the control animals at the end of the ij.-week feeding 
trial. Calves receiving 70 mg. chlortetracycline daily by 
oral administration had an average gain of twice as much as 
that of the control calves. The weekly intramuscular in­
jection of 2 $0 mg. of chlortetracycline resulted in an in­
crease of approximately \\.0% in body weight gain over that of 
the control animals. From these data, these workers con­
cluded that the Intramuscular injection of chlortetracycline 
to young calves was not as efficient as the oral administra­
tion of the antibiotic In promoting growth rate. The bene­
ficial effect of feeding chlortetracycline to young calves 
was unaffected by the difference of temperature of the place 
where the animals were housed. However, calves raised in the 
higher temperature-housing unit consumed more feed than did 
their respective control calves, which were kept at a con­
stant temperature of 65° F. throughout the experimental 
period.
The effect of adding various levels of chlortetracycline: 
9 , 1 8 , 3 6 and 5i|. mg* per lb.; to calf starters on the growth 
of Guernsey calves raised In an uncontrolled and a controlled
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temperature housing unit was also investigated by Mochrie 
and associates (99) of the Connecticut Station# Data 
showed that the supplemented calves gained approximately £% 
more live body weight than did the control groups# There 
was no difference between the calves in the two different 
temperature conditions as to body weight gain, height at 
withers, and heart girth of paunch# However, the calves in 
the uncontrolled housing unit consumed slightly more hay than 
the calves in the controlled unit* The incidence and se­
verity of scours appeared to be unaffected by the presence 
of chlortetracycline in the ration or the different tempera­
ture conditions in the two units.
Ellsworth et al. (50) of the Michigan Station investi­
gated the effect of feeding chlortetracycline to dairy heif­
er calves under good management conditions# They found that 
the feeding of 1 mg* of chlortetracycline for each lb* of 
body weight from 3 to 1 0 0 days of age increased growth rate 
23% over their controls. Also the antibiotic-supplemented 
calves tended to utilize the feed more efficiently than 
their control-pair mates# Removal of the antibiotic from 
the ration of the calves at 1 0 0 days of age resulted in a 
similar growth rate between the control calves and the pre­
viously chlortetracycline-treated calves at the end of a 6 0 - 
day feeding trial beyond 1 0 0 days of age.
The effect of different levels of chlortetracycline in­
take upon the growth and well-being of dairy calves kept in 
an old and a new barn was investigated by Bartley and associ­
Ik
ates (6) of Kanaas. The Kansas workers noted that the aver­
age weight at 2 5 weeks of age was 31+9$ of the average first 
week*3 weight for calves receiving 1+5 mg. of chlortetra­
cycline and 33l+$ for the calves receiving If? mg. of chlor­
tetracycline that were kept in the new barn at the end of 
the 25-week feeding trial. For the same period, the control 
calves fed no antibiotic averaged 291$ of their first week®a 
weight. Calves fed no chlortetracycline in the new quarters 
grew as rapidly as calves fed the antibiotic in the old 
barn. The chlortetracycline-fed calves in the new quarters 
grew at a significantly faster rate than did their respec­
tive control animals.
Murley, Jacobsen, and Allen (101) of the Iowa Station 
reported that there was a breed difference in the response 
of calves to chlortetracycline feeding. Ayrshire, Guernsey, 
and Jersey calves exhibited approximately 1+1$ greater gain 
in body weight than did their respective control animals; 
whereas the chlortetracycline-Holstein calves showed weight 
gains only 12$ greater* These workers also observed greater 
feed intake and more efficient utilization of feed by the 
chlortetracycline-fed calves regardless of breeds than those 
of the control animals. The antibiotic was fed at the level 
of 80 mg. per calf daily. In a continuation of this study, 
under the restricted feed intake regime, Murley and coworkers 
(101) found that the body weight changes of the antibiotic- 
fed animals were similar to those of the control calves.
From these observations the workers concluded that improved
i5
appetite and greater feed intake were the major factors in 
the growth-stimulating effect of chlortetracycline feeding 
to young calveSo
Studies with identical twin calves by Pritchard, New- 
lander, and Riddell (108) of the Vermont Station demonstrated 
a tremendous increase in body weight gains of calves fed 
chlortetracycline over their twin-mate control calves both 
under ad libitum and restricted feeding conditions* Chlor­
tetracycline was fed at the level of 30 mg* per 100 lb* of 
body weight daily.
Lassiter and associates (79» 80, 81) of the Kentucky 
Station conducted a series of experiments on the value of 
various antibiotics for young dairy calves* They found that 
chlortetx*acycline at the level of 75 mg* P©** calf daily to be 
the only antibiotic beneficial to dairy calves in stimulat­
ing growth rate* Terramycin at the same level as the chlor­
tetracycline, singly or in combination with chlortetracycline, 
did not stimulate the growth rate of the calves as much as 
did chlortetracycline alone. The incidence of scours was 
about the same among the treatments except for the chlor­
tetracycline- supplemented groups, where very slight scours 
occurred as compared to other groups.
Investigating the effect of feeding high levels of 
chlortetracycline to newborn calves, Rusoff at al* (125) ob­
served that the feeding of 2 5 0 to 1 0 0 0 mg* of chlortetra­
cycline per animal daily for the first 3 days of life 
controlled scours and prevented death during the early part
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of the life of the calves* Nevertheless, it did not affect 
the growth rate of calves from 4 days to 16 weeks of age* 
Subsequent feeding of 50 mg* of chlortetracycline per calf 
daily stimulated growth rate by approximately 2 0% at the end 
of a 16-week feeding trial*
2* Beef Calves
In 195lj Ferguson (51) of the Cornell Station observed 
that beef calves, 13 weeks of age, which received 50 mg* of 
crystalline chlortetracycline weekly by capsule for the 
first ij. weeks of life and 70 mg* thereafter in a 1 2-week 
feeding trial had a growth rate similar to that of their 
respective controls* In a further study, however, Ferguson 
found that calves fed 1 0 mg* of chlortetracycline per head 
daily from birth to 9 weeks of age attained higher body 
weight gains than did the control calves. The difference in 
body weight gains between the 2 groups was statistically 
significant at a 5$ level of probability*
Matsushima, Dowe, and Adams (93) of the Nebraska Sta­
tion studied the effect of feeding chlortetracycline to new­
born Milking Shorthorn calves for 2 years (1951-52 and 1952- 
53)* The animals used In the 1951-52 test were given one 
tablet or capsule daily containing 1 5 mg* chlortetracycline 
hydrochloride during the first 12 weeks of life after birth, 
while the calves in the 1 9 5 2 -5 3 test were given two chlor­
tetracycline tablets every other day. Data collected showed 
that approximately 2 0$ larger gains were made by the chlor-
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tetracycline-fed calves in both trials over their respective 
controls* These workers also observed no cases of scours in 
the test groups; whereas the calves in the control groups 
scoured intermittently*
Perry et al* (10$) of the Indiana Agricultural Experi­
ment Station found that chlortetracycline-fed calves had 
outgrown the non-supplemented animals at the end of an 80- 
day feeding trial* These workers also noted that the oc­
currence of scours was a problem in the control group; 
whereas in the chlortetracycline-fed calves it was not a 
problem at all* In a continuation of this study, Perry and 
associates (1 0$) observed that yearling steers fed 6 3 *$ mg* 
of chlortetracycline per head daily during the first 14 weeks 
of the 26-week feeding trial, 1 2 7 mg* of chlortetracycline 
for the next 6 weeks, and 190*$ mg* of chlortetracycline for 
the last 6 weeks attained an increased growth rate over the 
unsupplemented calves* In a third trial, employing controlled 
feeding, the same workers found that beef calves fed a ra­
tion supplemented with 7$ mg. chlortetracycline per animal 
daily grew significantly more than their respective controls. 
In this particular trial the treated calves gained 43 lb* 
more per steer than the control animals during the 8 4-day 
feeding period*
Newmann et al* (102) of the Illinois Station found 
little difference between daily gains of yearling beef heif­
ers fed crystalline chlortetracycline hydrochloride, or 
chlortetracycline in the form of Aurofac, and those fed the
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basal ration alone• Chlortetracycline was fed at the level 
of 2 mg# per lb, of feed for 1^ 0 days.
Dultsman and Kessler (46) of the Kansas Station con­
ducted an experiment to determine whether chlortetracycline 
would help overcome the setback received by calves having 
severe cases of hemorrhagic septicemia (shipping fever). 
When the dally body weight gains were used as criteria for 
the efficacy of the antibiotic used, results obtained Indi­
cated that 4 5 mg* of chlortetracycline per calf daily was 
effective in reducing the adverse effect of shipping fever. 
The average body weight gain of the chlortetracycline-fed 
Galves was 213 lb.; whereas the control group gained 193 
lb. at the end of a 1 2 2-day feeding trial.
The value of chlortetracycline in the wintering ration 
of beef calves was further investigated by Dultsman and 
Kessler (47)* These workers again observed beneficial ef­
fects from feeding 4 5 mg. of chlortetracycline to beef 
calves. The chlortetracycline-fed group produced greater 
daily gain and consumed less feed per 1 0 0 lb. of body weight 
gain.
3* Lambs
Recent data suggests that the inclusion of chlortetra­
cycline in the rations of lambs seemed to be beneficial.
Colby et al. (41* 43) of the Texas Station, 19^0, work­
ing with young lambs, found that an animal protein factor 
concentrate, containing 4  chlortetracycline per gram,
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produced no Increase in growth rate when fed to newborn 
lambs from Ij. days to $6 days after birth* When the same 
lambs were continued on similar rations from £ 6 to 81f. days 
of age, the feeding of the APF concentrate decreased growth 
and showed an adverse effect upon the lambs* During this 
particular 28-day feeding trial, the supplemented lambs ate 
almost no grain ration* The authors concluded that the re­
duced feed consumption was due to the APF concentrate pres­
ent in the ration and was responsible for the decreased 
growth rate and thinner and shorter wool fibers among the 
treated lambs*
In continuation of this study, Colby, Rau, and Dunn 
(lj.2 ) found that the feeding of 1 0 0 mg. of chlortetracycline 
per lamb daily resulted in markedly decreased feed consump­
tion and a loss of 0.16 lb. average weight during the II4.- 
day feeding trial*
Botkin and Paules (21) of the Wyoming Station did not 
confirm the work of Colby et al. (lj.1, i+2, ij-3)* in that the 
feeding of chlortetracycline to newborn lambs and fattening 
lambs produced an adverse effect* The former workers demon­
strated that feeder lambs fed chlortetracycline had a slight 
advantage in rate of gain, carcass dressing percentage, and 
carcass grade over the control lambs* Further investigation 
by Botkin et al* (22) on lambs fed various ratios of rough­
age to concentrate clearly demonstrated that lambs fed chlor­
tetracycline (6 lb. Aurofac 2A per ton of feed) attained 
higher average daily body weight gains with less total di-
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gestibl© nutrients per lb* of body weight gain. The effects 
of level of roughage were quite consistent. As the level of 
roughage in the ration was increased, the rate and efficiency 
of gain both decreased in the chlortetracycline-fed lambs.
Bridges and associates (24) of the Texas Station ob­
tained results indicating that the average daily body weight 
gain and feed efficiency of chlortetracycline-fed lambs were 
consistently higher than those of the control animals.
Jordan and Bell (6 8 ) of Kansas found that drenching each 
lamb daily with 5 mg. of chlortetracycline hydrochloride re­
sulted in an increased daily weight gain from 0*08 to 0 .1 0  
lb. over that of their respective controls. When 80 mg. of 
chlortetracycline was implanted subcutaneously near the fore­
rib of the lambs, no apparent physiological effects or 
changes in rate of gain were noted. However, when the 
chlortetracycline was fed in the form of a soybean meal- 
chlortetracyeline pellet, lambs fed these pellets made an 
average daily gain of 0 .1 0  lb* more than that of the con­
trols. The pellets were given in an amount that would supply 
1 0 .8  mg. of chlortetracycline per lamb daily.
Bohman and associates (19) of Nevada fed graded levels 
of chlortetracycline with and without supplemental B-vita- 
mins to 1 2 0 fattening lambs and 20 orphan lambs from 2 to 4  
weeks of age to market weight. Lambs receiving 5, 10, and 
20 mg. of chlortetracycline per lb. of concentrate supple­
mented with B-vitamins gained more rapidly with less feed 
per lb. of body weight gain than did the control lambs.
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When the same amounts of the antibiotic were added to a ra­
tion not supplemented with B-vitamin3 , the chlortetracycline- 
fed lambs had a lower daily average body weight gain than the 
control group6
From the above studies with calves, 10 to 7S> Mg* of 
chlortetracycline per calf daily appears to be the recom­
mended level to feed in order to obtain an increased growth 
rate* As much as 20 to 1+0^  increased growth has been noted 
when these levels of chlortetracycline were fed from birth 
to 16 weeks of age. Continuous feeding of the antibiotic 
beyond this age gives very little or no growth stimulation, 
and removal of the antibiotic from the ration causes an 
abrupt diminution in rate of growth*
Better feed utilization results al3o from chlortetra­
cycline feeding. There is no consistent evidence available 
at the present time as to the effect of the antibiotic upon 
controlling scours.
The ratio of hay to grain, type of protein, type of 
housing and environmental conditions do not appear to in­
fluence the growth-promoting effect of chlortetracycline.
In lambs similar results to those in calves were ob­
tained from chlortetracycline feeding. However, 5 to 20 rag. 
of the antibiotic per head daily has been the recommended 
level to produce a beneficial effect. At higher levels, 75 
to 1 0 0 mg. of antibiotic per lamb daily give a detrimental 
effect. Decreased growth rate and reduced appetite were the 
results when these high levels were fed*
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G* Chlortetracycline and Pull Grown Ruminants
1* Dairy Cattle
Haq (58) in. 1952, at the Louisiana Station, observed no 
adverse effect from feeding chlortetracycline at a level of 
130 mg* per head daily to lactating Holstein cows* The anti­
biotic-fed cows were in good appetite at all times and showed 
no difference in milk production during the 6 0-day experi­
mental period.
Two years later Rusoff and Haq (122) reported that the 
incorporation of chlortetracycline supplement in the ration 
of milking cow3 at a level of 130 mg. chlortetracycline per 
head dally for 60 days did not influence the production and 
composition of the milk of these animals*
In 1953 Bartley et al* (8 ) of Kansas fed 300 to 500 mg. 
chlortetracycline daily per head to lactating cows for a 6- 
week experimental period. They observed neither beneficial 
nor deleterious effect from the feeding of the antibiotic.
All the animals in the treated group remained in good health 
throughout the study* The milk production and feed consump­
tion were unaffected by the inclusion of chlortetracycline 
in the grain mixture fed to the dairy cows.
2. Beef Cattle
Bell et al. (16) of Oklahoma in 1951 reported that the 
daily feeding of 6 0 0 mg. of crystalline chlortetracycline 
hydrochloride per head to 6 yearling steers caused marked 
anorexia and scours within ij.8 to 7 2 hour3 after the adminis-
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tration of the antibiotic. However, when the level of the 
antibiotic was reduced to 2 0 0 mg* daily per steer, no evi­
dence of digestive disturbance and adverse effect of the 
antibiotic was observed.
Beeson and Perry (12+) of the Indiana Station in 1953 
reported that the addition of 75 mg. of chlortetracycline 
per steer on high-roughage rations caused a highly signifi­
cant increase in gain over the control animals under both 
farm and pasture conditions.
Elliott (1+9) cited that workers at Tovrea Land and 
Cattle Company of Phoenix, Arizona, found that beef cattle 
fed chlortetracycline for a length of 90 days under commer­
cial feed-lot conditions obtained increased body weight gain 
and feed efficiency* Ten rag. of the antibiotic per 100 lb* 
of body weight gave the optimum results. In another experi­
ment, these workers compared the feeding effects of chlor­
tetracycline and terraraycin to beef cattle under the 3ame 
conditions as In the first trial. Results indicated that 
only chlortetracycline supplementation produced beneficial 
effects*
A two-year study was conducted by Quarre and Rlchina 
(109) in 1 9 5 3 and 1951+ to investigate the effect of feeding 
chlortetracycline to beef cattle under ranch conditions.
The results obtained by these workers indicated that all of 
the groups receiving the chlortetracycline attained greater 
body weight gains and higher feed efficiency* Two groups 
receiving 75 mg. and 1 2 3 mg. chlortetracycline per head
24
daily showed the most outstanding results with 0 * 1 5 and 0 .2 3  
lb* dally gain more than that of the control steers. The 
other levels of chlortetracycline, 5 0 , 1 0 0 , and 1 5 0 mg*, 
also produced 0 .0 8 , 0 *0 6 , and 0 .1 3  lb* P©** day, respective­
ly, over the control animals* In another trial 500 two- 
year old 3teers were fed a basal ration supplemented with 
Aurofac 2A at a level to supply 75 mg. of chlortetracycline 
per head daily* Nine hundred ninety-one steers of similar 
age were fed the same ration without Aurofac and served as 
control animals. At the end of a 5-month feeding trial, 
results indicated that identical gains were attained by the 
two groups of steers* However, the chlortetracycline-fed 
steers produced a pound of gain on 0 * 4 8 lb* less feed than 
did the control animals*
D. Other Antibiotics
1. Terramycin
Cason and Voelker (32) of Arkansas, in 1951* tested the 
feeding value of a terramycin supplement containing 5 g* of 
pure crystalline terramycin hydrochloride per lb. to Hol­
stein and Jersey calves. At the termination of an 8-week 
feeding trial, very little difference in growth rate between 
the supplemented group and the control was observed*
Kesler and Knodt (72) of Pennsylvania reported that Hol­
stein calves fed crystalline terramycin at the rate of 20 
mg. per 100 lb* body weight for a duration of 16 weeks at­
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tained a similar growth rate to that of the control animals, 
Kealer (73) of Pennsylvania State found that terramycin- 
fed calves gained weight at an appreciably faster rate during 
the first 8 weeks of the 1 6-week feeding trial than did milk 
replacement-fed controls, but gained at a similar rate as 
milk-fed control animals* The continuation of terramycin 
feeding past 8 weeks of age did not stimulate growth rate*
All the groups attained the same body weight gains regard­
less of treatment* Likewise, initiation of terramycin sup­
plementation to calves at 7 weeks of age was of no value in 
stimulating growth rate of the calves*
Marion and coworker3 (91) of Texas obtained data indi­
cating that the incorporation of terramycin at the level of 
7 5 nig* and 1 5 0 mg* per head daily to a low concentrate-high 
roughage ration fed to yearling steers had no effect on the 
daily body weight gain. The control steers attained the 
same daily growth rate as did the antibiotic-fed animals. 
However, the steers fed 75 mg. terramycin required 111 lb. 
less feed end those on the 150 mg. level required 5 9 lb. 
less feed per 1 0 0 lb. gain than the steers not fed terramycin
at the end of a 110-day feeding trial. In continuation of
this study, Marion and associates (92) reported that year­
ling hereford steers fed 75 and 1 5 0 mg. of terramycin per
head daily gained 0 .2 1  and 0 .3 3  lt>* more than did the con­
trol animals, respectively,
Dultsman and Kessler (1+6, 1+7) of Kansas found that 
terramycin feeding to young calves produced 0 .0 9  lb. average
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daily gain, lass than did the control lot; whereas chlortetra­
cycline resulted in 0 * 0 8 lfc. more gain than the check lot 
and 0 * 1 7 lb* over the terramycin-fed calves in a ij.-month 
feeding period*
2* Bacitracin
In 1952, Rusoff and Davis (119) found that neither baci­
tracin nor tyrotbricln stimulated the growth of calves up to 
90 days of age* Ellsworth et al* (50) reported that baci­
tracin-fed calves have attained a growth rate of more 
than did the control animals* This increase in growth rate, 
however, was attributed only to one calf* Other calves in 
the bacitracin group gained weight at the same rate as their 
control pair-mates*
Beeson and associates (15) observed that the implanta­
tion of antibiotic pellets containing either bacitracin alone 
or bacitracin in combination with penicillin in lambs at 2  
days of age had no significant effect on growth rate* The 
various levels of bacitracin investigated were nig*
88 mg*, singly, and 2 2 rag* and l|l}. mg*, when combined with 
penicillin (ij.*7 mg*)*
3* Streptomycin
Kastellc at al* of Wisconsin (70) demonstrated that semi­
synthetic milk, coagulable by rennet, was nutritionally ade­
quate for colostrum-free calves when streptomycin was 
incorporated in the milk*
Results obtained by Rusoff and associates (12ij.) indi-
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eated that streptomycin-fed calves (5 0 mg. per calf daily), 
had an average daily gain of 1 3 .5$ above that of the control 
calves for the entire period of a 1 2-week feeding trial; 
whereas from ij. days to 8 weeks and from 8 to 1 2 weeks of age 
the average gain in body weight was 1 1$ and 1 7 *0$ above the 
average gain of the control animals, respectively.
Bartley et al. (11) reported that there was no signifi­
cant difference between the average daily gain of calves re­
ceiving 30 rag. and 90 mg. of streptomycin as compared to 
those calves that did not receive the antibiotic in a 16- 
week feeding period. Streptomycin at a 30 mg. level appeared 
to have an influence in controlling calf infection. During 
the experiment an outbreak of a calf disease characterized 
by a high fever, coughing, and labored breathing was ob­
served. Fewer calves in the 30 mg. group suffered this in­
fection whereas it was a problem in the 90 mg. lot and in 
the control*
k-* Penicillin
Bloom and Knodt (17) of Pennsylvania found that 10 p.p.m. 
of potassium penicillin lowered the growth rate of dairy 
calves significantly* Knodt and Ro3s (75) studied further 
the effect of potassium and procaine penicillin in milk re­
placement diets for dairy calves. Data obtained at the end 
of the 5 6-day feeding trial indicated that all calves fed ra­
tions supplemented with penicillin, potassium or procaine 
forms, had lower average dally gains than the control ani-
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mala* The gains in the groups fed the procaine penicillin 
were greater than those fed potassium penicillin*
Knodt {7^4-) reported that the addition of potassium 
penicillin at the level of 0 * 5 g* per 1 0 0 lb* milk replace­
ment fed to dairy calves reduced the rate of gain signifi­
cantly at 9 weeks and 1 2 weeks of age as compared to their 
respective controls*
Warner (lij.1) of Cornell did not substantiate the above 
finding (17* 7k-t 75)* He observed no detrimental effect on 
growth rate and feed utilization from feeding procaine peni­
cillin to dairy calves*
E* The Carcass of Animals Fed Antibiotics
1* Swine
Various workers have obtained inconsistent results on 
the effect of antibiotic feeding upon the physical charac­
teristics and quality of the carcass*
Ashton e£ al* (3) of Iowa reported that the carcass 
from pigs fed 5 mg* of terramycin per lb. ration* had a 
smaller loin muscle area, lower percentage of lean cuts, and 
more backfat* Supplementation of chlortetracycline at the 
same level resulted in higher loin muscle area and increased 
percentage of loin cuts. Wilson and associates (Uj4) demon­
strated that the addition of 2 0 mg« of vitamin 20
mg. of chlortetracycline, alone or in combination, to a 1 7$ 
protein ration resulted in a significant increase in per-
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centage of lean cuts, dressing percentage, backfat depth, 
and length of carcass over the control animals.
Hanson et al# (57) of Minnesota observed that pigs fed 
chlortetracycline, terramycin, and procaine penicillin, sin­
gly or in combination with vitamin had lower protein,
ash, and moisture content of their carcass, but higher total 
carcass fat percentage than the control pigs. Perry _et al. 
(1 0 6 ) reported that carcasses from pigs fed chlortetracycline 
contained significantly more fat and less protein and mois­
ture than carcasses from the control animals. Wheeler and 
associates (11+2) of Illinois observed higher average dress­
ing percentage, depth of backfat, and thickness of ham fat 
in antibiotic-fed pigs than their control mates. A higher 
dressing percentage and depth of backfat were also observed 
by Pierce (107) of South Dakota in pigs fed rations supple­
mented with chlortetracycline.
Dairy and beef calves
In beef steers, Quarre and coworkers (109) of the Kern 
County Land Company, Bakersfield, California, observed an 
increased dressing percentage and higher grades of carcass 
in steers fed chlortetracycline than in those steers from 
the control lot. Marion et al. (91) of Texas feeding terra- 
raycln at the level of 75 mg* and 150 mg. daily to yearling 
steers, found that these animals had a slightly higher 
dressing percentage, but lower carcass grade than the con­
trol animals. Further study by Marion et al. (92) substanti-
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ated these findings* Also these workers observed higher en- 
route shrinkage percentage in the terramycin-fed animals as 
compared to the control steers*
Rusoff jet al* (1 2 1 ) found that chlortetraeycline-fed 
dairy calves showed heavier vieight and larger size of car­
cass and bone structure than the control animals* Chemical 
analyses of the 1 2th rib meat indicated a higher percentage 
of fat in the antibiotic-treated calves* There was no dif­
ference in the percentages of moisture, protein and ash of 
the meat of calves among the lots*
3* Lambs
In feeder lambs, Botkin et al* (21) noted higher dress­
ing percentage but lower carcass grade of lambs fed chlor- 
tetracycline as compared to the control animals* The level 
of antibiotic fed was 10 mg* per lb* of basal ration* Hat­
field and Garrigus (59) of Illinois observed that lambs re­
ceiving an antibiotic-supplemented creep ration gained 
faster, dressed higher, and produced carcasses that graded 
higher than similarly bred lambs receiving the same ration 
without antibiotic supplementation*
P. Possible Mode of Action of Antibiotics as
Growth Stimulants
It has been firmly established that antibiotics stimu­
late the growth of poultry, pigs, and some laboratory animals. 
In young ruminants only chlortetracycline has produced posi-
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tlve increased growth, rate, and limited reports seemed to 
indicate that terramycin has a growth-promoting effect* In 
spite of these findings the mechanism of action of the vari­
ous antibiotics as growth promotants for farm animals is not 
fully known. In fact, It is probable that the antibiotics 
may act in several different ways according to the animal 
species and the conditions in which they are raised* Vari­
ous hypotheses have been put forward to explain the way in 
which antibiotics act.
1. Antibiotics and the Gastro-lntestinal Micro-organi3ms
Several workers have suggested that the effect of anti­
biotics is a result of their influence upon the micro-organ­
isms of the gastro-inte3tinal tract. Such action could be 
exerted in several ways: (a) by encouraging the growth of
organisms that synthesize known or unidentified nutrients, 
(b) by depressing the growth of organisms that compete with 
the host for supplies of nutrients, and (c) by eliminating 
known pathogens and bacteria which produce toxins* However, 
bacteriological data and digestion studies have yielded 
disappointingly little positive Information on this hypothe­
sis.
a. Dairy cattle
Lassiter and associates (79* 80) at the Kentucky Sta­
tion demonstrated that chlortetracycline feeding to calves 
did not have any effect on the dry matter digestibility and
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on other nutrients in the feed* It was also noted that it 
had no appreciable effect on blood urea nitrogen*
Using the artificial rumen technique, Kesler and Knodt 
(7 3 ) in 19^ 2 found consistently lower digestibility of cellu­
lose of the ruminal contents from terramycin-fed calves 
(2lj.*2$) as compared to the control animals (67*i$)* Levels 
of B-vitamins, thiamin and riboflavin, were unaffected by 
the supplementation of either chlortetracycline or terramycin 
to the diet*
Pritchard et al* (108) in 1955 at the Vermont Station 
conducted a digestion trial using identical twin calves.
Data collected revealed that the digestion coefficients of 
dry matter, ash, protein, crude fiber, nitrogen-free extract 
and ether-extract showed no difference between the chlor- 
tetracycline-fed calves and the control twin mates. The 
level of chlortetracycline investigated was 30 mg. per 1 0 0  
lb. body weight*
Rusoff and associates (1 1 7 ) obtained data indicating 
that the rumen environment was similar between calves fed 
chlortetracycline and those animals that received the basal 
ration alone. The types of rumen micro-organisms, based 
upon visual observations and anaerobic cultures and isola­
tion studies, were similar in all treatments. It was also 
noted that the degree of crude fiber digestion in rumen sam­
ples was fair and normal in the control and chlortetracycline- 
injected calves, but was somewhat depressed in the calves 
fed chlortetracycline orally.
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In 1954 Kesler (72) of the Pennsylvania Station found 
that terramycin added to a milk replacement fed to dairy 
calves, or administered by capsule orally, lowered the 
breakdown of cellulose by micro-organisms of the rumen flu­
id, as measured in an artificial rumen. Parsons (103) ob­
tained digestion trial data in steers indicating that 
chlortetracycline or penicillin at the level of 3 2 mg. and 
1 0 0 mg., singly, lowered the retention of nitrogen.
Chance et al. (37) of Michigan have shown a definite 
increase in total bacterial counts in the rumen contents of 
steers fed 0 .5  g* of chlortetracycline daily as compared to 
the control animals. A further increase in total bacterial 
counts was observed when the chlortetracycline was increased 
to 1 . 0  g. per head daily.
Rusoff et al. (1 1 8 ) reported that the total aerobic and 
anaerobic bacterial counts, as well as the coliform and 
enterococci in feces of chlortetracycline-fed calves and 
their respective controls, were the same*
In 1954 Jurtshuk and associates (69) of Maryland found 
that chlortetracycline and terramycin were definitely detri­
mental to the in-vitro growth of rumen micro-organisms. The 
presence of both chlortetracycline and terramycin decreased 
the ability of rumen bacteria in the resting stage to utilize 
carbohydrates such as zylose, arabinose, glucose, maltose, 
and cellobiose in-vitro.
3k
b* Beef cattle
Bell et al. (16) obtained digestion data on steers fed 
2 0 0 mg* chlortetracycline daily which indicated reduced di­
gestibility of dry matter* crude fiber and nitrogen-free ex­
tract in a urea ration. Higher blood urea levels in the 
chlortetracycllne-fed steers as compared to the control ani­
mals was also observed.
Horn, Snapp, and Gall (6 6 ) in 195£ at the Illinois Sta­
tion investigated the effect of feeding antibiotics, singly 
or in a mixture, upon the digestion of feed nutrients and 
the micro-organisms of the rumen. They found that digesti­
bility of all nutrients in the feed was increased by the 
mixture of 1 0 0 mg. each of streptomycin, chlortetracycline, 
terramycin and 30 g. of sulfathalldine. Chlortetracycline 
alone at a level of 1 0 0 mg. reduced digestibility of dry 
matter, crude protein and crude fiber; it had no effect on 
nitrogen-free extract and it increased the digestibility of 
ether-extract. When the level of chlortetracycline was re­
duced to 3 2 mg. per animal daily, it increased digestibility 
of ether-extract and nitrogen-free extract, but had no effect 
upon the digestibility of dry matter, crude protein and 
crude fiber,
Newmann and associates (1 0 2 ) made bacteriological 
studies of fresh rumen materials from beef heifers fed diets 
with or without chlortetracycline. They found that the 
total bacterial counts were about the same between lots. 
However, the types of organisms found in the heifers re-
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ceiving the antibiotic were much less diverse than those 
animals in the control lot.
c* Lambs
In lambs, Colby et al. (1+2, i+3) at the Texas Station 
obtained data Indicating that rumen samples from chlortetra- 
cycline-fed animals had higher bacterial counts than the 
samples from the lambs in the control lot. Slaughtered con­
trol animals had larger rumens filled with feed of normal 
appearance, as compared to the rumens of the antibiotic-fed 
lambs, which were somewhat smaller and contained much leas 
feed. In this study chlortetracycline was given at a rate 
of 100 mg. per lamb daily by capsule. Lambs fed the anti­
biotic went off feed during the experiment.
In 195i+ Thompson et al. (135) at the Kentucky Station 
observed in sheep that the feeding of 10 mg. chlortetracy­
cline per lb. of ration reduced the apparent digestibility 
of crude fiber significantly. No statistical differences in 
the digestibility of dry matter, nitrogen-free extract, and 
energy were noted between treatments. Tillman and MacVicar 
(1 3 6 ) demonstrated in sheep that the feeding of chlortetra­
cycline, 5 mg. per lb* ration, in the form of Aurofac 2A 
had no effect upon the digestibility of the different nutri­
ents in the ration.
d* Pigs
In pigs, Sieburth et al. (127) in 1951 at the Washington 
Station Indicated that terramycin inhibited the growth of
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Clostridium perfringe3 in 8-week old pigs fed a purified 
diet supplemented with the antibiotic at a level of 1$ mg* 
per kilogram of feed.
Larson and Carpenter (77) at the Minnesota Station 
found that the feeding of penicillin, chlortetracycline, and 
terramycin decreased the population of fecal Clostridia 
perfringes in pigs. Bridges et al. (2 3 ) in 1952 observed 
that bacterial counts in the feces of pigs were significant­
ly increased by the addition of pennicillin in the diet.
e. Chicks
In chicks, Rhodes and associates (113) in 195^ 1- have 
shown that the growth-promoting effect of bacitracin and 
penicillin was accompanied by reduced numbers of Coliform 
bacteria and Lactobacilli in the intestine. Elam at al.
(ij.8 ) of Texas in 1953 found that the number of Clostridia 
perfringes in the feces of chicks was reduced by inclusion 
of chlortetracycline, penicillin, bacitracin, and terramycin, 
singly or in combination, in the diet*
2. Physiological effect of antibiotics upon the gastro­
intestinal tract and! body fluids
a. Dairy and beef cattle
Mann et al. (90) in 195^ 1- reported that the mode of ac­
tion of antibiotics was primarily physiological in nature 
rather than microbiological. These workers observed that 
rumen contents of chlortetracycllne-fed calves reached a
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bulk and pH value (less than 6 which is suitable for large- 
scale anaerobic bacterial action) more quickly than did the 
calves in the control lot. Complete ciliate microfauna was 
established earlier in calves fed chlortetracycline. Prom 
these data, they concluded that normal adult rumen raieroflora 
and microfauna seemed to become established at an earlier 
age in the chlortetracycline-fed calves than in the control 
animals.
Chance and associates (36) in 1953 found the pH value 
of the rumen contents of chlortetracycline-fed steers was 
lower than those of the control animals. These workers fur­
ther observed a faster rate in the removal of ration con­
stituents from the rumen of steers fed chlortetracycline 
than from those animals not receiving the antibiotic.
Voelker et _al* (13?) of the Iowa Station obtained data 
indicating that the mean values of blood reducing sugar x^ rere 
higher in calves fed chlortetracycline than in their respec­
tive controls* The difference was significant at the 
level of probability*
Horn and coworkers (66) in 195^ 1- Illinois Station
observed that the rumen contents of slaughtered-antibiotic- 
fed steers were exceptionally dry and the ruminal linings 
were somewhat redder than those of the animals from the con­
trol group.
b« Pigs
Catron et al* (33) in 1951 showed that the concentra-
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tion of glucose in the blood of pigs fed chlortetracycline 
was significantly higher, 2 0 minutes following administra­
tion, than that of the pigs fed rations without antibiotic 
supplementation* Two years later Catron and associates (34) 
further reported that chlortetracycline supplementation to 
the diet of pigs enhanced glucose absorption in the gastro­
intestinal tract.
c. Chlck3
Anderson and associates (2) in 1951 reported that the 
pH value of the cecal contents of chicks was reduced by the 
addition of penicillin in their diets regardless of the per­
centage of protein in the ration. The reduction of the pH 
value of the cecal contents appeared closely associated with 
the increase in the number of Lactobaccilli bacteria. It 
was also noted that chicks receiving penicillin had larger 
cecal size than did the control birds.
Coates et al. (IpO) In 1955 found that gut weights of 
chicks fed penicillin were lower than those of the control 
lots. The ratio of the weight to length of the intestine of 
chicks was greater in the control birds than in the penicil- 
lin-fed chicks. The moisture and ether-extract contents of 
the gut of the chicks fed penicillin were reduced as compared 
to those of the control birds. These data indicated that the 
decrease in weight of the gut in the penicillin-fed chicks 
was not only due to a shortening of the gut but also to a 
thinning of the intestinal wall.
39
3* The Sparing Action of Antibiotics with Other Nutrients 
According to another hypothesis, antibiotics enhance 
growth through their sparing action and ability to increase 
the utilization of other nutrients. However, like other 
assumptions, no substantial experimental evidence is avail­
able for this hypothesis at the present time.
a. Dairy cattle
Ghance and associates (35) in 1953 have shown that B- 
vitamins and amino acids in the rumen of yearling steers 
were reduced by the inclusion of 0.5 to 1*0 g. of chlor­
tetracycline in the ration fed to these animals as com­
pared to that of the steer3 in the control lot.
Mochrie et al. (99) in 1953 at the Connecticut Station 
observed no significant difference in hemoglobin and plasma 
vitamin A values of calves which could be attributed to 
chlortetracycline supplementation in the ration of the ani­
mals.
Kesler (7 2 ) in 1951+ investigated the effect of terra­
mycin upon B-vitamins synthesis in Holstein calves* Data 
indicated that there was no consistent difference in the 
rumen thiamin and riboflavin levels between the control and 
antibiotic-fed animals. Smith et al. (128) in 1951+ at the 
Iowa Station found that the feeding of chlortetracycline had 
no Influence upon the blood levels of thiamin, riboflavin, 
niacin, pantothenic acid, and vitamin B^, of Holstein calves. 
In 1951+ Rusoff and associates (121) found that the con­
4-0
centration of B-vitamins--vitamin B^2* pantothenic acid, 
riboflavin, niacin, biotin, pyridoxine, thiamin and folic 
acid--in the rumen fluid from chlortetracycline-fed and con­
trol calves was similar*
b. Lambs
Kercher and Smith (71) at the Cornell Station failed 
to remedy cobalt deficiency in lambs by the daily oral ad­
ministration to 10 mg. of chlortetracycline per head*
c. Pigs
In 1952 Becker et al* (13) of Illinois prevented rough 
hair coats, dermatitis, and brownish exudate over the entire 
body of pigs by adding chlortetracycline and terramycin, 
singly, to the diet.
d. Chicks
Rhodes et_ al* (113) in 1954 at the Wisconsin Station ob­
tained data indicating the sparing action of chlortetracy­
cline with folic acid in promoting growth rate. Also lower 
dietary requirements of nicotinic acid, folic acid, and 
riboflavin were observed when diets fed to the chicks were 
supplemented with chlortetracycline. In 1955 Almquist and 
Maurer (1) of the Grange Company, Modesto, California, pre­
vented perosis and other forms of leg weakness in chicks by 
adding chlortetracycline to the ration. Migicovsky e_t al. 
(98) observed an Increase in the absorption of calcium from 
the intestinal tract of chicks fed diets supplemented with
k l
pencillin.
Ij-* Antibiotics and the Disease-Level Theory
Some workers have advanced the theory that antibiotics 
possess growth-promoting properties through their therapeu­
tic actions, especially under unfavorable conditions of 
housing and management* This hypothesis is akin to the "in­
fection'1 or the "disease-level theory." However, studies 
along this subject matter are not conclusive.
a* Chicks
Studies at Lobund Institute (8 7 , 111) have Indicated 
that germ-free poults and chicks failed to give a positive 
response to sulfasuxidine, streptomycin, bacitracin, and 
chlormycetin feeding. Conventional birds raised in commer­
cial starter batteries produced significant growth responses 
when they were fed diets supplemented with these various 
antibiotics. However, Luckey (88) at the same Institute 
later reported that lower levels of penicillin and terra­
mycin as compared to the levels fed in the previous experi­
ments (8 7 , 111) stimulated the growth of germ-free chicks* 
Terramycin, 25 mg. per Kg. diet, improved the growth rate of 
chicks by 3 bo 7$ more than the controls. Penicillin at 
levels of 11 mg. and .^6 mg. per Kg. diet increased the 
growth rate of the supplemented birds, 7 to 1 3$ higher than 
that of the control chicks, respectively.
In 1953* Lillie et al. (85) of the Bureau of Animal In-
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dustry (USDA), Beltsville, Md., obtained data indicating 
that chicks fed no antibiotics and raised in new quarters 
grew better than treated birds in old quarters. In the old 
environment the growth-promoting effect of the antibiotic 
was detected at 1 week of age; whereas at the new environ­
ment there was no sign of increased growth rate until the 
chicks were 4 weeks of age.
Hill £t al* (64) in 19^3 at the Ontario Station, On­
tario, Canada, speculated that the small growth response in 
birds raised in the new quarters after 3 weeks, might be 
attributed to a gradual contamination of the new quarter.
In 1954j Yacowitz (145) of the Ohio Station reported 
that continuous high level antibiotic feeding to broilers 
prevented the occurrence of disease and reduced the mortali­
ty rate. He further noted that better growth of progeny and 
decreased death rates were the benefits derived from high 
level feeding of antibiotics to layers and breeders. In the 
same year Reynolds et_ al. (112) of the Lobund Institute pre­
vented and treated "blue comb" disease in chicks by feeding 
high levels of terramycin. Oral dosage of the antibiotic was 
also effective in the treatment of a chronic respiratory 
disease.
At the Michigan Station, Libby and Schaifle (81}.), in 
1 9 found that birds raised in the premises where birds 
had been fed diets supplemented with antibiotics, gained at 
a higher growth rate than birds raised in an ordinary farm 
where antibiotics feeding had never been Introduced*
1*3
b. Pigs
Speer et al* (130) In 1950 reported that healthy, well- 
fed pigs, managed under relatively disease-free conditions 
did not respond to chlortetracycline feeding. Thompson (134) 
at the Oklahoma Station failed to increase the growth rate 
of pigs, delivered by Caesarian operation and raised in an 
isolated place, by the addition of chlortetracycline in their 
diet*
In 1955 Hill and Larson (65) of Minnesota obtained a 
growth response by adding chlortetracycline to the diet of 
pigs delivered by hysterectomy and raised in an isolated and 
recognizable swine disease-free area*
c* Dairy calves
In 1952, Bortree et al* (20) of Pennsylvania reported 
that 51 out of 56 cases of calf scours— characterized by 
profuse diarrhea accompanied by lack of appetite, depression 
and dehydration— responded Immediately to chlortetracycline 
treatment administered orally, intramuscularly, or the com­
bination of the two methods* In continuation of this study, 
these workers found further that administration of 500 mg* 
chlortetracycline at birth prevented the occurrence of 
scours at a subsequent age. In confirmation of this find­
ing, Rusoff et al* (125) in 1955 found that 250, 500, and 
1000 mg. of chlortetracycline administered to calves daily 
during the first three days of life prevented scours flnri 
subsequent death up to three weeks of age.
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Bartley et al, (6) in 1954 obtained data indicating 
that calves fed no chlortetracycline in a new environment 
grew as rapidly as those calves fed chlortetracycline in an 
old barn. In all cases the antibiotic»fed calves grew at a 
significantly faster rate than their corresponding controls 
in both barns*
5* Antibiotics and the Internal Organs * Especially the Duct­
less Glands
Recently, the idea that antibiotics stimulate growth of 
animals through their interrelationship with the internal 
organs, especially the endocrine organs, has been advanced* 
When the close relationships between growth and endocrine 
secretions is considered, this assumption seems to be a 
logical one* Various researches were conducted along this 
line, and up to the present time, controversial results have 
been obtained*
a. Rats
In 1951* Meites (94) Iowa reported that rats fed 
chlortetracycline had heavier adrenal and thymus glands than 
those rats that did not receive the antibiotic* In contra­
diction to this finding, Baxter et al* (12) of the National 
Heart Institute, Bethesda, Md*, found no change In the size 
of the thymus, adrenal and thyroid glands as a result of 
feeding chlortetracycline to rats. Also, no change was 
noted histologically when these organs were examined under a 
microscope* These authors (12) noted decreased renal lesions
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and hemorrhagic kidneys (a choline deficiency disease) by 
feeding chlortetracycline to rats at a 0.1$ level of the 
diet# Increasing the level of chlortetracycline to 0*5$ 
completely prevented renal lesions and death of the animals* 
Chloromycetin and penicillin at the same level failed to 
prevent the lesions*
Meites (95) in a further study completely eliminated 
the adverse effect of large doses of cortisone upon rats by 
the inclusion of vitamin ^ d  chlortetracycline hydro­
chloride in their diet* Rats given cortisone were not only 
smaller in size but developed a severe case of alopecia 
which was particularly marked over the head, neck and back 
areas* These symptoms were overcome by chlortetracycline 
and vitamin B-j^  supplementation of the diet fed to the rats* 
Meites and Ogl© (9 6 ) In another study obtained data indi­
cating that penicillin and neomycin counteracted protomone- 
induced retardation growth effect in rats* These antibiotics 
were more effective in the presence of vitamin B ^  than when 
the vitamin was omitted in the diet*
Dickson and associates (45)* in 1954 at the Washington 
Station, observed that terramycin increased the adrenal 
weights of rats when compared to those of the unsupplemented 
animals* Inspection of the data revealed a very high corre­
lation of adrenal weights with body weight gains* Further 
observation indicated that terramycin caused a definite de­
crease in the weight of the ovaries plus uterus of the fe­
male rats*.
Calesnick et al. (29) in 1954 observed anti-thyroid ac­
tion of chlortetracycline and penicillin in rats. The 
changes which were induced by the antibiotics, however, were 
not as great as was the effect of thiouracil. These data 
implied that chlortetracycline and penicillin had a goitero- 
genic action on animals. In the same year, Grant (53) 
demonstrated that the addition of 1*0 mg. of chlortetracy­
cline per kilogram of a mixed animal-plant protein ration 
fed to rats did not produce any significant change in the 
weights of the thyroid glands at the end of a i+2-day feeding 
trial.
b. Chicks
Libby and Meites (83), in 19514- at the Michigan Station, 
counteracted body weight losses produced by thiouracil and 
protomone by adding antibiotics to the diet.
Almquist et al* (1) in 1955 reported that liver vitamin 
A was increased by inclusion of chlortetracycline in the diet 
of the chicks. However, there was no consistent relation­
ship between the liver carotene or vitamin A storage values 
and the average weight of the chicks.
Mellen and Waller (97) of Delaware noted that thyroids 
from chicks supplemented with chlortetracycline and baci­
tracin were heavier than those from the chidks that did not 
receive any antibiotics. All birds fed the ration with 
either chlortetracycline or bacitracin gained more body 
weight than those control chicks at the time of slaughter.
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Common and associates (44) in 1950 found that the in­
clusion of chlortetracycline in the diet of pullets enhanced 
the response of both serum calcium and riboflavin to estro­
gen administration*
c* Pigs
Barber et al* (5) of England reported data indicating 
that chlortetracycline and penicillin, alone or In combina­
tion with vitamin stimulated the growth of pigs signifi-
cantly* The growth rate and feed utilization efficiency was 
further increased by additional small amounts of thyroxine 
and stilbestrol to castrated male pigs*
d* Beef cattle
Matsushima et al* (93) in 1954 at the Nebraska Station 
reported the effectiveness of chlortetracycline in prevent­
ing liver abscesses in Milking Shorthorn cattle* It was 
found that animals which received chlortetracycline during 
the first 12 weeks after birth had normal livers; whereas 
7$% of the calves that did not receive any chlortetracycline 
had abscessed livers or a liver that showed scar tissue when 
slaughtered at the age of 10 months.
III. EXPERIMENTAL METHODS
A. Statement of Problem
This experiment was conducted to investigate the possi­
ble mode of action of chlortetracycline as a growth stimu­
lant in young dairy calves. The effect on body weight gain3, 
heights at withers, and efficiency of feed utilization were 
used as criteria In the evaluation of the growth-promoting 
property of the antibiotic. The effect of the antibiotic on 
the weights of the various endocrine and internal organs, on 
the physical and chemical characteristics of the gastro-in- 
testinal tract and on the carcasses, were studied; also the 
Incidence of scours and other forms of infection were used 
as bases to hypothesize or to postulate the possible mechan­
ism of action of the antibiotic as a growth promotant in 
young dairy calves.
B. Experimental Design
Two trials were conducted in this study. In the first 
trial, 30 newborn dairy calves (1 8 Holsteins and 12 Jerseys) 
were used. These dairy calves were housed in an old calf 
barn. The second trial consisted of 31 newborn dairy calves
(12 Holsteins and 19 Jerseys) which were kept in a newly con­
structed calf barn furnished with new equipment and feeding 
utensils* The calves were purebreds and purchased from the 
Sontheimer Dairy Farm, Hammond, Louisiana* These calves 
were brought to the L.S.U* dairy nutrition calf barns at 
days of age. In each trial the calves were divided into 3 
groups at random, according to breed* Group I received the 
basal ration only and served as controls* All calves in 
Group II received chlortetracycline orally (50 mg. daily in 
the milk and a 0.5$ level of Aurofac 2Aa in the calf starter) 
and in Group III, all calves were administered chlortetra­
cycline as an AlCl^ complex in sesame oil by intramuscular 
injection (lj.00 mg. weekly) and these calves were fed the 
basal ration.
C. Feeding and Management
Before ^ days of age
The calves were allowed to remain with their dams the 
first 2ij. hours of life and then transferred to an individual 
pen located on an elevated platform* The pens were covered 
with fresh shavings at all times and were cleaned before a 
newborn calf was put in* Colostrum was fed to the calves for 
the next 3 days of life. On the fourth day after birth the
aContalns 3*6 grams chlortetracycline per pound of 
Aurofac 2A.
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calves were brought to the L*S.U. dairy nutrition calf barn 
(old and new)*
At the It*S«U« dairy nutrition calf barn (both barns)
The calves were kept in an individual pen on a cement 
floor covered with fresh wood shavings at all times* VJhole 
milk was fed from the fourth day to the 28th day of life at 
a daily rate of 1 lb. per 10 lb* of body weight which was 
given in 2 feedings, half in the morning and the other half 
in the evening. The milk was fed at a temperature of 100°
P* from a nipple bucket which was washed thoroughly and dis­
infected with chlorine-water solution before and after use. 
Clean water was allowed at the same amount and temperature 
as the milk after each milk feeding*
An all-plant protein calf starter (Table 1) was fed 
starting at 8 days of age. During the first few days the 
calf starter was rubbed on the nose of the calf frequently 
to induce earlier eating of the grain mixture* The calf 
starter was fed up to a maximum amount of 5 lb* for the Jer­
seys and 6 lb. for the Hol3teins. Good quality alfalfa hay 
was fed in both trials starting at 8 days of age* Small sam­
ples were taken from each of the starters and from the hay 3 
times a week for proximate analyses at a later date. Clean 
water was allowed at all times from the 2 9th day from birth 
until the calves were slaughtered (12 or 16 weeks of age).
Both barns were kept as clean as possible. Dirty and 
wet shavings were removed from every pen twice weekly and
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Table 1
Composition of experimental concentrate rations for
trials I and II
Treatments Control Oral Injected
Constituents (%) it) {%)
Cotton Seed Meal 35.00 35.00 35.00
Ground Yellow Corn 31.30 31.30 31.30
Rolled Oats 15.00 1 5 . 0 0 1 5 . 0 0
Wheat Bran 10 . 00 10.00 10.00
Soybean Oil Meal 5.5o 5.5o 5.5o
Bonemeal 2.00 2.00 2.00
Salt 1.00 1.00 1.00
Q,uadrex Xa. 0.20 0.20 0.20
Aurofac 2AD o,os: -
a Supplied by the Nopco Chemical Co*, Harrison, Hew Jersey* 
Contains vitamin A, 10,000 U.S.P. units and vitamin D£, 
1,250 U.S.P. units per gram*
k Supplied by The American Gyanamid Co*, Pearl River, Hew 
York. Contains 3*6 grams chlortetracycline per pound.
Table 2
Proximate analyses of the experimental starter rations 
and the alfalfa hay fed (A.0.A.G* method)
Rations Control and Injected Oral Alfalfa :
Constituents 15*) {%) it)
Moisture lO.ll-O 9.70 11.60
Dry Matter 89.60 90.30 8 8 . 4 0
Crude Protein 2 4 . 2 0 23.80 1 2 . 4 0
Ether Extracts 3.50 3.80 2.70
Crude Fiber 7 . 8 0 7.20 33.80
Ash 6.90 7.10 7.40
N.F.E. 47.20 48.40 3 2 . 1 0
52
new clean shavings were put in the pens both in the morning 
and in the evening. "Marlate” fly spray was sprayed all 
over the barn weekly and more often when it was necessary. 
Feeding and drinking utensils were always kept clean*
D. Experimental Data
1. Growth, Feed Consumption and Scour
In both trials the weights and the heights at withers 
of all calves were taken at birth and the day the calves 
arrived at the L.S.TJ. dairy nutrition calf barns. There­
after, each calf was weighed at weekly age intervals, at the 
same time in the afternoon, throughout the experiment. At 
the end of the feeding trial, the calves were weighed on 
three consecutive days and the average of the 3-day weights 
was used as the final weight. The same procedure was prac­
ticed in obtaining the final data on heights at withers.
Feed consumption was recorded daily and observation of the 
feces and physical appearance were also made for each calf 
daily.
2. Blood Samples and Body Temperature
In trial 1, blood samples from the jugular vein were ob­
tained from each calf on two consecutive day3 at !}.-week in­
tervals at the same time of the day, from 2 to 3 o*clock In 
the afternoon. The 2-day individual samples were pooled and 
analyzed. Hematocrit (packed red blood cells) values were
53
determined with a Weintrobe hematocrit, and hemoglobin by 
the acid hematin method using a Fisher hemometer (60).
Plasma calcium and inorganic phosphorus values were deter­
mined using the Clark-Collip (39) and the FIske-Subbarow 
methods (5 2 ), respectively; whereas the usual method for the 
determination of red and white blood cell counts was used*
In trial II, blood samples were also collected and ana­
lyzed by the same procedure used in trial I, and only white 
blood cell counts were made in this trial*
In trial I, rectal temperatures of each calf were ob­
tained weekly before the feeding time in the afternoon* The 
same person took the temperature throughout the experiment* 
Rectal temperatures were not taken in trial II.
3* Carcass Studies
A total of $l\. animals was sacrificed in both trials. 
Twenty-seven calves, 4 Jerseys and 5 Holsteins each from the 
3 groups, were slaughtered at the end of 12 weeks of age.
Also, 5 Jerseys and 1+ Holsteins from each treatment were 
slaughtered at the termination of 16 weeks of age. The 
slaughtering work was done at the L.S.U. Animal Industry 
meats laboratory.
The physical characteristics of the carcasses were deter­
mined by taking the length from the first rib to aitch bone,
from the lower edge of the aitch bone to the top of the shank,
from the chine bone to the button, width of the round and
the shoulder, and the depth of the body at the fifth rib 2l\.
hours after slaughter, The carcasses were physically sepa­
rated and the weights of primial cuts in the veal carcasses 
were obtained* The average planimeter area of the L. dorsus 
at the rear of the 12th rib and the average shearing strength, 
using the "Warner-Bratzler'* tenderometer, were also deter­
mined, The 12th rib from all carcasses was taken, wrapped 
with wax paper and stored in a cool air-blast storage room, 
and maintained at a temperature of -20,0° F, All this work 
and the collection of carcass data were performed by the same 
men, Prof, R. M, Grown and J. E. Bertrand,
Chemical analyses of the 12th rib samples: The 12th
rib bone and lean were separated after thawing the samples 
for about 2l\. hours. The bones were cleaned from meat and 
connective tissues, and l^-inch samples were taken at the 
Costal groove section of the rib, cut 1 inch from the tuber­
cle and from each rib sample. Dry matter and ash contents 
were made, using the method prescribed by the A.O.A.C. ( 1|). 
The 12th rib meat was cleaned from all connective tissues, 
perimysium. The clean samples were macerated as fine as 
possible with a knife and then run through a Waring blendor* 
Approximately 20-gram samples from each rib lean were 
weighed in a dry aluminum can and the dry matter was deter­
mined using the "Elconop11 oven. The samples were mashed 
individually in a mortar and a 2§ to 3-gram representative 
sample was taken. Ether-extracts were run on these samples 
using the method recommended by the A.O.A.C. (ip),
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4* Organ Sample 3
At the time of slaughter the adrenal glands, heart, 
kidneys, liver, pituitary gland, spleen, testes, thymus, 
thyroid, and brain were removed from the carcasses with great 
caution. This was very important in order to get the whole 
individual organ* These organs were cleaned carefully and 
their weights were taken within 2 to 3 hours after slaughter 
time.
Foot-long samples of the duodenal and illeal ends and 
the jejunal portion of the intestines cut approximately at 
the center sections, were taken from all slaughtered ani­
mals* These intestinal tract-samples were cleaned care­
fully and their thicknesses were obtained using a "Glogau’s” 
caliper Wo. 12* Ten measurements were taken on each sample 
from each portion of the small intestine, and the average of 
these values was taken as the final measurement* The same 
samples were put into tared 2-ounce bottles (trial II), kept 
under refrigeration and chemical analyses were run at a later 
date using the methods recommended by the A.O.A.G. (ii-).
E. Statistical Analyses
Pertinent data were statistically analyzed according 
to the methods outlined by Snedecor (129).
IV. RESULTS AND DISCUSSION
In order to simplify the discussion of the results of 
this study, a three part division has been used: (A) Growth
performance> efficiency of feed utilization and well-being 
of the animals; (B) physical characteristics, quality, and 
chemical composition of the carcasses; and (C) physical and 
chemical characteristics of the internal organs and small 
intestine,
All pertinent data collected in this study are shown in 
the appendix under the afore-mentioned headings.
A. Growth Performance, Efficiency of Feed Utilization, 
and Well-Being of the Animals
1. Growth Performance and Efficiency of Feed Utilization
The body weight gains and efficiency of feed utilization 
are summarized in Table 3 and Appendix Tables la-8a.
All antibiotic-treated calves In both barns raade greater 
body weight gains (Fig. 2, 3, 4, 5) and consumed their feed more 
efficiently than their respective control animals at the end 
of 4, 8, 12, and 16 weeks of age. These differences were 
statistically significant (Appendix Tables 9a-16a, 61a-64&) 
when the analyses of variance were computed (129). The re­
sults obtained in this study indicate that regardless of the
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type of environment in which calves are raised, chlortetra­
cycline administration increases growth rate* Bartley et al. 
(6) also reported a growth stimulation in calves raised in a 
new environment when these animals were fed chlortetracycline* 
These workers obtained a gain of 3^9 per cent of the average 
first week’s weight for calves receiving \\$ mg* of chlor­
tetracycline daily, 31il- per cent for those receiving 15 mg. 
chlortetracycline, and 291 per cent for the control calves 
at the end of a 25-week feeding trial. Similar results were 
reported by Hill and Larson (65) with swine. They observed 
that chlortetracycline exerted a growth-promoting effect in 
pigs delivered by hysterectomy and raised in an isolated 
area free from recognized swine diseases. Under good man­
agement conditions Ellsworth at al. (50) found that the 
feeding of chlortetracycline to dairy heifer calves, 1 mg. 
of chlortetracycline per lb, of body weight, from 3 to 100 
days of age increased the growth rate by 23 per cent their 
controls. Recent work with chicks by Luckey (88) has indi­
cated that germ-free birds receiving 2 5 mg. oxytetracycline 
per kg. of diet grew more rapidly than did the unsupple­
mented group.
An analysis of variance of the initial body weights of 
the calves (Appendix Tables 17a and 18a) revealed that there 
were no statistically significant differences (P> .05) in 
initial body weights of the calves used in this study within 
breeds, between barns, and among treatments. Also, no sig­
nificant differences in growth rate of the calves between
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Table 3
Effects of GTG on the growth and efficiency of feed utilization of
dairy calves
Treatment and Age No. of Animals Daily Body Weight Gains (lb.)
Old New Old Barn New Barn
Age Barn Barn Jersey Holstein Jersey Holstein
■4th wk* of age a b
k&Control 4J» 6H 7J,
Oral CTC 4J, 6H 6J, 4h
Injected CTC 4j , 6H 6J, if-H
■8th wk. of age
Control kJ, 6H 7J* 4H
Oral CTC 4j, 6H 6J, 4H
Injected CTC 4 j , 6H 6j , Lj.II
■12th wk. of agec
5hControl 4j* 7J, 4H
Oral CTC 4j, 5h 6J, ij-H
Injected CTC 4j , 5h 6j, 4H
16th wk. of age
Control 2J» 3H 4j, 2H
Oral CTC 2J, 3H 4J, 2H
Injected CTC 2J, 3H kJ, 2H
0 . 3 0
0 .6 0**
0.38**
0.49
0.77**
0.67**
043
0 .6 0**
0.55**
0 . 5 8
0.76**
0.96**
0.53
0.91*
0.78*
0.87
1.29*
1.07*
0 . 6 9
0.91*
0.88*
0.78
1.05*
1.13*
0.77 
1.21** 
1.00**
1.15
1.53**
1.31**
0.83
1.16**
1.10**
1.13
I.J4.2**
1.43**
0.83
l.lij.
1.07
1.38
1.67
1.67
0.86
1.20**
1.48**
1.32
1.64**
1.59**
TDN per Body Weight Gains (lb./lb.)
Old Barn New Barn
Jersey Holstein Jersey Holstein
3,20
1.48
2.48
2,97
1.92
1.94
2.36
1.49
1.53
2,46
1.88
1.89
2.11
1.10
1*50
1 . 6 4
1.37
1.41
1.60
1.33
1.39
1.47
1.21
1.11
2 . 4 7
1.64
2.15
2.18
1.98
2.06
2.30
1.75
1.88
2.04
1.73
1.66
3.12
2 . 3 2
2 . 5 2
2.43
2.22
2.35
2.83
2.22
1.85
2.34
2.02
1.95
a J = Jerseys 
k H = Holstein3
0 The difference in the number of calves from one age to another is due to slaughtering
some calves at 8, 12 and 16 weeks of age* ^
* Significant at P <  0.05 m
** Significant at P < 0.01
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the two barns were observed (Appendix Tables 19a-22a)» More­
over, a less TDN (Total digestible nutrients) were required 
per lb. of body weight gain in the supplemented animals than 
the controls (Table 3)* It would be justified then to say 
that the differences in the body weight gains of calves be­
tween the antibiotic-fed groups and the control animals can 
be attributed to the effect of chlortetracycline on feed 
metabolism rather than to a high degree of possible disease 
level in the calves.
In chick3, Lillie et al. (85) found that birds in old 
quarters showed the effect of antibiotic feeding at 1 week 
of age, but in new quarters there was no effect until 2 to 
ij. weeks. In the present calf study, an increase in growth 
rate from chlortetracycline feeding in the new barn was ob­
tained as early as the second week. At the end of the sec­
ond week of age, the antibiotic-fed animals gained 0.5^ lb. 
in the new barn as compared to 0.26 lb. in the old barn.
There were small differences in the body weight gains of the 
antibiotic-treated calves in the two barns at the end of four 
weeks of age.
A few reports (6, 85) have indicated that animals in 
new quarters fed no antibiotics grew as rapidly as animals 
in the old quarter fed antibiotics. This study did not con­
firm such findings. The chlortetracycline-fed calves In the 
old barn grew faster than the untreated calves raised in the 
new barn (Table 3 and Appendix Tables la-8a). The body 
weight gains were approximately 30 per cent In favor of the
eh
chlortetracycline-fed calves at the end of if, 8, 12, and 16 
weeks of age.
In both barns, the chlortetracycline oral-fed calves 
attained higher body weight gains than the chlortetracycline 
injected calves did over the control animals. This differ­
ence was very pronounced In the old barn In the Holstein 
breed and in the Jerseys In the new barn. Ronning et al. 
(115) also found that calves Injected intramuscularly with 
250 mg. of chlortetracycline weekly had smaller increases in 
body weight gains as compared to those of the orally-adminis­
tered group which were fed 70 mg. daily. The gains were if.if 
and 8.if lb. for the injected and orally administered calves, 
respectively* In the present calf study the lower body 
weight gains in the parenterally-treated calves can presuma­
bly be attributed to the slow diffusion of the chlortetra­
cycline into the circulatory system. Ghlortetracycline- 
injected calves slaughtered a week after the administration 
of the antibiotic still 3howed an accumulation of chlortetra­
cycline at the area of administration. The immediate re­
sponse of calves to oral administration of the antibiotic 
may be accounted for by earlier maturity of the ruminal en­
vironment* Mann and associates (90) found that normal adult 
rumen microflora and the raicrofauna seemed to become estab­
lished at an earlier age in the chlortetracycline oral-fed 
young calves than in the untreated animals*
In general the feed efficiency of calves raised at the 
new barn was higher in comparison to groups at the old quar­
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ters, irrespective of treatments (Table 3)* The Holstein 
calves showed a better feed efficiency than the Jersey 
calves. In all cases, the chlortetracycline-fed calves had 
a higher feed efficiency than their respective control ani­
mals in both barns. The differences among groups at the new 
barn were more pronounced than those at the old barn.
2. Scours
The occurrence of scours was more prevalent in the old 
barn than at the new barn when all calves that scoured were 
considered (Table I4. and Appendix Tables 2 3a and 2ij.a). At 
the old barn the Intramuscular injection of chlortetracycline 
seemed to be more effective against scouring than oral ad­
ministration of the antibiotic. The situation In the new 
barn was different. In both antibiotic groups, scouring was 
very slight and only the calves which were injected intra­
muscularly were affected.
3. Blood studies
The white blood cell data, taken at ij.-week intervals, 
are summarized in Table 5« Other blood data are summarized 
In Appendix Table 25a. The administration of chlortetra­
cycline to dairy calves did not affect the percentage of 
hemoglobin, hematocrit value, plasma calcium and plasma in­
organic phosphorus values or red blood cell counts. No sta­
tistically significant differences (P >  .05) between the 
values of the different constituents of the blood were found 
which could be attributed to chlortetracycline administration
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TABLE 4
Effect of CTG upon the occurrence and severity 
of scours in dairy calves
CTC
Treatment Control Oral Injected
Breed Jersey Holstein Jersey Holstein Jersey Holstein
Old barn
Weeks
0-2 2 (2) 6 (1) 2(1) 2(2) 2(3)
H - 2 (1) 1(1) 1*5(2) 1(1)
5-6 1 (1) 4(1) 1 . (1)
7-8 2(2) 6(1)
9-10 10 (1) 2(1)
11-12 9 (1)
13-14
15-16
Total 5 (4) 7(4) 27.5(6) 9(3) 4(3) 2(3)
New barn
Weeks
0-2 3.25(5) 5(1) 3(1)
3-4 6 (l) 6(2)
5-6 3(1) 6(1)
7-8
9-10
11-12
13-14
15-16
Total 9*
sOu\CM 14(4) 0 0 6(1) 3(1)
2(2)— First figure denotes av. scour day per animal 
and figure in parenthesis ( ) denotes the number of 
animals that scoured
TABLE 5
Effect of CTC administration upon the white blood cell counts of dairy
calves raised in an old or new barn
Barns Old New
cTc CTC
Treatments Control Oral
Intramuscular
Injection Control Oral
Intramuscular
Injection
(Xlo3) (X103) (X103) (xio3) (X103) (x i q3)
Jerseys
No. of animals 3 k k 8 6 6
O-kth week 9.53 7.81 6.9k 8.89 8.09 9.13
5-8th week 9.68 8.15 5.85 8.83 7.98 9.83
9-12th week; 
13-l6th week
9.75 5*70 5.oo 9.0k 8.13 9.79
9.78 7.33 6 . 1 3 9.29 8 4 k 9.86
Holsteins
No. of animals 6 6 6 k k k
O-kth week 10*lj.8 10.63 8.93 8.86 1 0.k5 1 0 .0k
5-8th week 9.97 8.13 8.95 10.10 9.31
9-12th week® 7.o5 6.68 k.75 9.08 9.65 9.35
13~l6th week^ 8.95 7.58 8.80 10. k3 10.93 9.55
Combined
O-kth week 1 0 .1 6 9.69 8.27 8.88 9.0k 9.50
5-8th week 9.9k 8.1k 5.90 8.86 8.83 9.63
9-12th week 8.06 6.31 k.8k 9.08 8.7k 9.62
13-l6th week 9.28 7 *k8 7.73 9.61 9.27 9.76
a The difference in the number of calves from one age to another is due to 
slaughtering some calves at 8, 12 and 16 weeks of age.
k Old barn, two animals per group; New barn, control five, oral and injected 
four animals each*
c Old barn, five animals per group.
^ Old barn, three animals per group: New barn, two animals per group*
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to dairy calves* There was a tendency towards reduced white 
blood cell counts in the antibiotic-treated calves as compared 
to the control animals at the old barn* In both breeds, 
especially the injected-treated animals, lower white blood 
cell counts were observed as the calves grew older and were 
mo3t pronounced at 12 weeks of age* However, the difference 
in white blood cell counts at this age was not statistically 
significant between treatments (Appendix Table 26a) when the 
analysis of variance was computed (129)*
White blood cell counts of the calves at the new barn 
revealed no difference among groups at all stages of collec­
tion, i.e. Lp-week interval (Table 3). This is in agreement 
with the report of Voelker jet al* (138) who observed no sig­
nificant difference in the total leucocyte and differential 
leucocyte counts in Holstein calves fed chlortetracycline 
and other antibiotics, singly, as compared to the control 
animals* Using the white blood cell counts as one criterion 
for an infection-free condition, the data collected in this 
study indicate that all the calves were in the same state of 
health at all times. Prom this assumption, data obtained 
implies that chlortetracycline exerts a growth-promoting 
effect even in the absence of a specific disease level*
Further work is needed to justify this observation since no 
accurate criterion for an absolute infection-free condition 
is available at the present time.
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ij.« Rectal temperature
The rectal temperatures of the calves are summarized in 
Table 6. A slightly lower body temperature, 102*1° F., was 
observed in the oral-fed group as compared to 102*3° F* for 
the control animals* The injected-treated calves responded 
variably* The Holstein breed had lower body temperatures 
than their respective controls; whereas the Jerseys in the 
same treatment, Group XXI, attained higher body temperatures 
than the control Jersey calves. However, on the average, the 
antibiotic-treated animals had lower body temperatures than 
the calves receiving no antibiotics* The same result has 
been obtained by Tillman and MacVicar (136) in sheep* These 
workers found that the average rectal temperatures of chlor- 
tetracycline-fed animals was lower as compared to the control 
group, 39*77° and 39*93° G., respectively*,
B* Physical characteristics, quality, and chemical 
composition of the calf carcasses
Since the initial body weights of calves within breeds 
were not statistically different and there was no statistical 
significant difference in growth weight gains between breeds 
between the two barns, grouping the carcass data appears 
justified.
1* Physical characteristics of the carcasses
The carcass weights, dressing percentages, weights and
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TABLE 6
The average rectal temperatures and coefficients of 
variation of the rectal temperatures of dairy calves
CTC
Treatment Control Oral In.iected
Breed Jersey Holstein Jersey Holstein Jersey Hoistein
No. of 
animals 4 6 4 6 4 6
Mean rec­
tal temp. 102.28 102.28 102.14 102.07 102.72 102.18
C.V.a {fo) 0.30 0.49 0.43 0.49 0.12 0,28
Range 102.57-
101.95
102.55-
102.00
102.26-
101.99
- 102.26- 
101.88
102,86-
102.56
 102.36- 
102.00
a coefficient of variation
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measurements of the various standard outs which were taken 
are summarized in Tables 7# 8, and Appendix Tables 27a-29a, 
The calves administered the antibiotic had heavier carcass 
weights of the various standard cuts and higher dressing 
percentages than those not given the antibiotic. These 
values were statistically significant at P<0*01 (Appendix 
Tables 30a-3l|.a) in favor of the antibiotic-treated calves 
over the controls* These findings are in agreement with the 
report of Rusoff et al* (121). These workers found that 
chlortetracycline-fed dairy calves had heavier weights and 
larger sized carcasses than did the control animals* Quarre 
et al* (109), and Marion et al* (91# 92) observed higher 
dressing percentages in beef steers fed antibiotics over 
animals fed no antibiotics. In feeder lambs, Botkin and 
Paules (22) and Hatfield and Garrigus (59) obtained similar 
results* Lambs fed chlortetracycline dressed higher than 
their respective controls* All of the afore-mentioned ob­
servations are in agreement with the present calf study*
The cuts of highest value in the veal carcass, such as 
the rounds (with shank and rump on) and the rib sections, 
were increased in both size and weight in the chlortetra­
cycline groups as compared to the control animals* Analysis 
of variance of the data showed a highly significant differ­
ence at P<0*01 (Appendix Tables 35a-36a) between the groups 
In favor of the antibiotic-fed calves*
TABLE 7
Effects of CTC on some physical measurements of the carcasses of dairy calves
Ho* of Length of Width of Width of Depth of body
Treatment Breed animals carcass round shoulder at 5th rib
(mm*) (mm. ) (mm.) (mm*)
12 weeks of age
Control Jerseys 4 685*25a 8 0 .0 0 77.25 114.58
Holsteins 5 714-5*80 1 1 3 .2 0 100.30 117.33
Oral CTC Jerseys 4 713.50 83.00 85.50 121.92
Holsteins 5, 750.00 119.20 1 0 2 .8 0 127.73
Injected CTC Jerseys 4 718.00 82*50 82.00 117.92
Holsteins 5 757.00 12k.l0 104.90 124.93
16 weeks of age
Control Jerseys 5 7 2 1 .4 0 82.50 79.80 118*73
Holsteins 4 795.00 129.63 113.00 131.25
Oral CTC Jerseys 5 769.20 95.00 9 0 .8 0 127.47
Holsteins 4 870.50 137.00 120.00 140.84
Injected CTC Jerseys 5 785.00 1 0 4 .8 0 95.70 130*40
Holsteins 4 847.50 134.50 1 1 4 .8 8 138.59
ft
average calculated values
TABLE 8
Effect of CTC on the weights of the standard cuts of the carcasses of calves
Treatment Breed
No. of 
animals
Carcass Dressing 
weights percentage
Weight 
-of rounds
Weight of the 
6th to 12th rib 
sections
12 weeks of age
(lb. J (%) (lb. j (lb.)
Control Jerseys
Holsteins
4
5
56.50a
89.40
43.69
48.97
8.02
13.39
1.90
2.76
Oral CTC Jerseys
Holsteins
4
5
67.00
95.40
45.61
50.96
9.68
14.16
2.82
3.29
Injected CTC Jerseys
Holsteins
4
5
67.00
97.60
44.40
49.18
9.88
14.60
2.30
3.21
16 weeks of age
Control Jerseys
Holsteins
5
4
68.22
118.50
44.77
50.26
9.65 
17.06
2.41
3.96
Oral CTC Jerseys
Holsteins
5
4
85.20
148.25
45.67
52.19
11.61
21.06
3.16
5.14
Injected CTC Jerseys
Holsteins
5
4
95.60
137.25
48.97
51.38
12.89
20.36
3.45
4.86
a average calculated values
71+
2* Quantity and quality of the carcasses
The planimeter area of the Longissimus dorsi muscle at 
the 12th rib is considered a good indication of the amount 
of meat in the carcass ($k-, 55* 10i|), Palsson (lOip) found 
that the cross-sectional surface of the eye muscle (L. dor3i) 
in sheep was significantly correlated (P<C0.01) with the 
weight of the meat in the carcass. This was substantiated 
by McMeekan (89) in swine. The latter worker found that the 
correlation coefficient of the two variables was +0,931+, As 
summarized in Table 9* carcasses from the antibiotic-treated 
calves had larger planimeter areas of the eye muscle at the 
12th rib than those from animals fed no antibiotic* Analysis 
of variance of the data revealed a highly significant differ­
ence at P 0.01 (Appendix Table 37a) between the groups in 
favor of the chlortetracycline-fed calves* This finding 
implies that the administration of chlortetracycline to 
dairy calves increased over-all carcass weight and also 
total meat yield in greatest demand (Table 8),
The shearing strength of the meat taken from 9-10-llth 
rib section is often used as an index for carcass tenderness 
(56). Guenther (51+) reported that the 9-10-llth rib sections 
which were very tender had lower shearing strengths than 
those from les3 tender roasts. He further reported that the 
shearing strength of the rib sections decreased as the car­
cass grade increased from commercial to prime. In the pres­
ent calf study the effect of chlortetracycline administration 
on shearing strength of the meat was not consistent (Table
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TABLE 9
Effect of CTC on the planimeter area of the L* dorsi 
muscle of the 12th rib of dairy calves
Treatment Control
CTC
Oral Injected
16 weeks of age
(sq. in*} (sq. In.) Tsq. in.)
Jerseys 2.28a 2.65 3.28
Holsteins 3.59 k*$2 k*k9
12 weeks of age
Jerseys l*8Ip 2.66 2.31
Holsteins 2.9k 3.00 3.06
a average calculated values
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10)* In general, at 12 or 16 weeks of age, the rib sections 
of treated calves had a lower shearing strength than those 
of the controls. However, this difference between treatments 
was not statistically significant* When shearing strength is 
used as an index of carcass tenderness, data obtained in this 
calf study imply that this particular carcass characteristic 
was not influenced by chlortetracycline administration. 
However, further work is needed to justify the use of shear­
ing strength as an index of carcass tenderness before a con­
clusion can be made.
Table 11 summarizes the several measurements made on 
the 12th rib cut. There was a markedly consistent increase 
in all the measurements of the 12th rib cut in the chlor- 
tetracycline-treated calves regardless of breeds* When the 
data were analyzed statistically, there was a significant 
difference between the antibiotic-administered calves and 
the controls at P^O.Ol in the meat weights and at P<10.05 
In the bone weights (Appendix Tables 38a and 39a) in favor 
of the antibiotic calves. A similar trend wa3 observed when 
the bone and meat was expressed in percentage of the whole 
12th rib cut, but the difference among treatments was not 
statistically significant. Hankins and Howe (55) and Hankins 
et al. (56) have indicated that the constituents of the 9-10- 
11 rib cut of the steer carcass are very closely related to 
the corresponding constituents of the dressed carcass. 
Guenther (5^4-) found that the major carcass quality character­
istics of the 12th rib cut and the 9-10-11 rib sections were
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TABLE 10
Tenderness (shearing strength) of carcasses 
from dairy calves
Treatment Control Oral
CTC
Iniected
lb*/sq. in* 
core
lb*/sq* in. 
core
lb,/sq. in, 
core
16 weeks of age
Jerseys l8J+i]-a 15*77 17*37
Holsteins 21*91 21.12 22.38
12 weeks of age
Jerseys . 18 * 9*4- 19*71 19*69
Holsteins 21,65 21,81}. 21*09
a average calculated value
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TA.BEE 11
Effect of CTC on the characteristics of the 12th 
rib cut of the carcasses of dairy calves
Bone Meat
Weight Percentage Weight Percentage
16 weeks of age
(s.) (g*)
Control Jerseys
Holsteins
ii3.00a
63*75
31.43
27.75
93.80
166,00
68.57
72,25
Oral CTC Jerseys
Holsteins
14-5.20
79.00
27.36
27*36
1 2 0 ,0 0
209.75
72.64
72.64
Injected
CTC
Jerseys
Holsteins
57.80
7^.25
2 9 * 2 2
27.15
1 4 0 .0 0
199.25
70,78
72.85
1 2 weeks of age
Control Jerseys
Holsteins
4 0 .5o 
5 2 * 0 0
36.82
33.12
68.50
105*00
63.18
66.88
Oral CTC Jerseys
Holsteins
li4.25
55.40
31.61
2 7 ,2 0
95.75
148.25
68,39
72,80
Injected Jerseys 
CTC Holsteins
42.75
59.00
33.46
30.95
85.00
1 3 1 .6 0
66 *54 
69,05
a
average calculated values
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highly correlated. When the weights of the meat and of the 
bone of the 12th rib cut are used as indices of the total 
muscular tissue and of the bone, respectively, the data ob- 
served in the present calf study show that the effect of 
chlortetracycline administration to dairy calves was on over­
all body growth and not to a particular major component, 
bone or muscular tissues. Data on the percentages of meat 
and bone corroborate this assumption. Statistical analyses 
of these variables showed insignificant differences between 
the chlortetracycline-treated calves and the control calves.
3* Chemical composition of the 12th rib cut
The effect of chlortetracycline on the dry matter, fat, 
and dry fat-free lean (mostly protein) content of the muscu­
lar tissue of the 12th rib cut is shown in Table 12 and 
Appendix Table l{.la. There was no significant difference of 
dry matter percentages of the meat of the 12th rib cut be­
tween treatments (Appendix Table l^ la). In regards to the 
ether-extract content of the 12th rib cut, the oral group 
showed a higher value as compared to the other two groups*
The difference was very pronounced at the end of 16 weeks of 
age. When an analysis of variance was made the difference 
was found to be significant at 0»05> at 12 and 16 weeks of 
age (Appendix Table li2a)« On the other hand, the injected- 
treated group attained a higher percentage of dry fat-free 
lean (protein) at 12 and 16 weeks of age than the two groups. 
Analysis of variance of the data revealed a significant
TABLE 12
Results of chemical analyses of the meat and bone 
of the 12th rib cuts of the carcasses from dairy calves
12th rib meat 12th -rib- bone
Treatment Breed
NO e of 
animals
Dry matter Ether extract Dry fat- Dry
free lean matter
Ash
12 weeks of age
% % % 7*
Control Jerseys
Holsteins
35.ooa
33*21}.
17*60
13*33
17*40
19*91
73*92
70*814-
5 2 . 8 0
1+6 . 7 2
Oral CTC Jerseys
Holsteins
3
5
35*89
33*59
17*81
13*32
1 8 .0 8
20*27
80.90
77*20
51*14
49*27
Injected CTC Jerseys
Holsteins
4
5
35*66
35*52
10*95
11*05
24.71
24*47
76*96
77*96
51*15
49*54
16 weeks of age
Control Jerseys
Holsteins it 35*7932.14-1 13*9217*16 21.1J.015*23 72.3276.57 51.8150.81
Oral CTC Jerseys
Holsteins
5
4
33*58
32*9*1-
17*97
20*35
15*61
1 2 .6 0
74*62
75*28
55*52
52.51
Injected CTC Jerseys
Holsteins
5
4
38*3?
35*69
13*19
12.23
25*68
23*14-6
72.6k
73*16
55*59
5o.58
a average calculated value
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difference at P<0.05 among the groups in favor of the in­
jected-treated calves (Appendix fable Ij-3a)* This study 
implies that oral administration of the antibiotic enhanced 
fat deposition whereas parenteral administration induced 
protein synthesis.
Palsson (lOip) reported that muscular development and 
fat content of the carcass were good indices of carcass 
quality. Guenther (5^4-) found that when the carcass grade 
decreased from choice to commercial, the percentage of 
moisture and dry fat-free lean increased. The percentage of 
ether-extract, however, decreased as the grade was lowered. 
Since various workers (53., IOJ4.) have shown that the 12th rib 
constituents were highly correlated to the corresponding 
constituents of the whole carcass, the use of the fat per­
centage of the meat of the 12th rib cut as an index of car­
cass quality seems reasonable and justified. In the present 
calf study, the data indicate that the oral feeding of 
chlortetracycline to dairy calves increases carcass quality 
whereas the injection of the antibiotic reduces the quality 
of the carcass* Callow (30) reported that the highest fat 
content of the highest grade of carcasses of lambs and steers 
he obtained was 37 per cent and that of the lowest grade, 6 
per cent. Based on this report the fat percentage of the 
different carcasses studied were average and would imply then 
that carcasses in the present calf study were of average 
grade, presumably "good,"
Table 12 and Appendix Table li.0a summarize the percent-
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ages of dry matter and ash content of the 12th rib bone. No 
significant difference was observed between treatments (Ap­
pendix Tables LpL^a and 45a). However, as shown in Table 12 
the weight of the 12th rib bone of the chlortetracycline- 
treated calves were higher than those of the controls. These 
results indicate that chlortetracycline administration does 
not affect the chemical component of the bone when the 12th 
rib bone is used as the representative of the bones of the 
entire carcass* However, further work is needed to justify 
such statement since only the meat of the 12th rib had been 
shown to be correlated with the entire constituents of the 
carcass and no work on the 12th rib bone*
C. Internal organs and the small intestines
1• Organ weights
The average weights of the various organs of dairy 
calves are summarized in Table 13 and Appendix Table 14.6a.
The chlortetracycline-supplemented calves showed heavier 
average weights of adrenal glands, thyroid glands, liver, 
heart, kidneys, spleen, testis, and thymuses in comparison 
to the animals receiving no antibiotic. These differences 
were statistically significant at P<0.05 for liver, heart, 
spleen and testis (Appendix Tables l4-7a"50a) and 0.01 for 
the adrenal glands (Appendix Table $ l a ) • There was no sta­
tistical significant difference between treatments in regards 
to pituitary and kidneys (Appendix Tables 52a-54a)« In rats,
TABLE 13
Weights of various endocrine and internal organs of dairy calves
Treatment * 
age and 
breed
No. of 
animal Liver Heart Kidney Spleen Testis Thymus Pituitary Thyroid Adrenal
Control 
16 weeks 
Holstein 
Jersey i
(g.)
1976.75a 
1473.84
lg.) lg.) (g.)
4 8 8 . 0 0  4 9 1 . 2 5 226.25 
3 8 7 .6 0 3 2 0 .0 0 215.64
lg.) (g.)
49.43 277.50
36.44 225.60
(g.)
0.97
0.88
(g.)
15.78
10. 7 8
lg.)
7.25
5.18
12 weeks 
Holstein 
Jersey
5
4
161+9.80
1211.58
437.20 410.80 203.80 
330.84 271.24 157.24
37.10 210.00
2 9 . 2 4  112.04
0 .8 0
0.94
11.92
8.64
5.22
4.68
Oral CTC 
16 weeks 
Holstein 
Jersey \
2288.75
1652.20
700.25 504.05 325.75 
435*84 337.00 269.40
70.90 410.50 
61.80 2 3 2 .0 0
1.12
1 . 0 4
18.15
11.38
8 . 1 0
5 . 8 0
12 weeks 
Holstein 
Jersey
5
4
1726.20
1495.00
546.90 413.30 211.20 
401.52 336.09 225.17
44.64 322.60 
45.34 236.17
0.79
0.89
13*74
8.86
5.54
5 . 0 8
Intramuscular 
Injection CTC 
16 weeks
Holstein 4 
Jersey 5
2339.00
1888.60
6 2 7 .0 0 5i6.5o 2 7 7 .2 5
482.00 417.24 273.80
67.25 35o .5o
49*80 303.00
1.03
0.98
17.99
15.25
8 .4 8
6 . 9 2
12 weeks 
Holstein 
Jersey
5
4
1743.80
1476.25
462.80 494.00 276.20 
4l9.50 368.69 225.09
40.62 275.80 
37.35 236.09
0.79
0.75
11.01
9.29
5.85
5.60
a average calculated values
similar results were observed by various workers (45, 94). 
These investigators found that animals fed chlortetracycline 
grew faster and had heavier adrenal and thymus glands. On 
the other hand, investigations by Baxter and Campbell (12) 
did not verify the afore-mentioned findings. These workers 
found lighter weights of liver, kidneys, heart, adrenals, 
and thymus in rats fed choline-free diets with chlortetra­
cycline in comparison to the control animals. The diet used 
in this study, however, was choline-free and this might be 
the cause of the contradictory result.
The calves in the antibiotic groups had heavier total 
body weights and gained faster than the control calves.
Waxier and Enger (143) found in rats that there was a 
definite increase in the weights of liver, spleen, thymus, 
heart, and adrenal glands with an increase in total body 
weights. The results obtained in the present calf study 
seem to indicate than that the increased weights of these 
various organs were due to increased general growth which was 
a consequential effect of antibiotic feeding to the calves. 
When the organ weights were expressed per unit body weight, 
the ratios were not consistent. In most cases, the ratios in 
the antibiotic-fed calves were lower than those from the 
control animals in all organs studied (Tables 14, 15). This 
result seems to indicate that the heavier total body weight 
of the antibiotic groups as compared to that of the controls 
was the factor responsible for the increase organ weights in 
the former animals. Grant (53) noted lower ratio values of
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thyroids (mg.) per 100 g. hody weight in rats fed 
chlortetracycline as compared to animals fed no antibiotics, 
Burgess et ad.. (27) found less liver weight per kg. body 
weight in chicks fed diets supplemented with chlortetra­
cycline than in chicks fed the basal ration. Meites (95) 
obtained results indicating that the mg. weight of adrenal 
per 100 g. weight was lower in rats fed chlortetracycline 
than in those rats fed no antibiotic. These findings are 
in agreement to the result obtained in this calf study.
Physical and chemical composition of the small intestines 
A summary of the effect of the chlortetracycline on the 
thickness and chemical composition of the small intestine of 
dairy calves is presented in Appendix Tables 59a and 60a.
Thinner illeal and jejunal portions of the small intestines 
were obtained in the antibiotic-supplemented calves than those 
of the controls. Inconsistent results were obtained in regards 
to the duodenal part. The data on the three portions were 
combined to obtain the over-all thickness of the small 
intestine. It can b6 seen in Table 15 that there was very little 
difference in the thickness of the small intestinal wall in 
the Jersey breed among the three treatments. However, the
TABLE 14
The ratio of endocrine and some internal organ weights to 
body weights of young dairy calves (mg. per Kg. body weight)
Treatment CTC
Control Oral Intramuscular Injection
Breeds Jerseys Holsteins Jerseys Holsteins Jerseys Holsteins
Adrenala
12 weeks 79.49 62.81 76.43 65.89 81.27 63.29
16 weeks3- 85.40 68.59 68.71 61.71 78.34 63.18
Pituitary
12 weeks 15.88 9.79 13.20 9.06 11.09 8.45
16 weeks 13.16 9.00 12.25 8.67 10.78 11.09
Thyroid
12 weeks 144.41 120.76 127.91 136.97 134.35 117.70
16 weeks 160.07 151.23 133.87 140.45 139.61 150.02
Liver13
12 weeks 20.53 20.11 21.14 20.15 21.52 21.10
16 weeks 22,15 18.61 19.51 17.69 21.54 21.54
Thymusb
12 weeks 3.67 3.19 2.75 3.19 3.76 2.93
16 weeks 1.91 2.62 3.45 3.04 2.75 2.90
a The weights of the organs are in mg. and the body weights are in Kg.
13 The weights of the organs are in g. and the body weights are in Kg.
TABLE 15
The ratio of some internal organ weights to body weights 
of young dairy calves (Mg. per Eg. body weight)
Treatment
Breeds
Control 
Jerseys Holsteins
Oral
Jerseys Holsteins
CTC
Intramuscular Injection 
Jerseys Holsteins
Hearta
12 weeks 6.16 5.34 5.78 5.59 5.24 4.95
16 weeks 5.87 4.62 4.91 4.64 5.43 5.19
Kidneysa
12 weeks 4.60 4.95 4.82 4.53 4.95 4.22
16 weeks 4.91 4.62 3.96 3.89 4.73 4.27
Spleena
12 weeks 2.04 2.42 2.40 3.08 2.84 2.88
16 weeks 2.22 3.21 2.13 3.17 2.53 3.15
Testis13
12 weeks 489.35 446.18 551.28 444.75 485.08 425.39
16 weeks 571.56 459.91 572.59 461.98 566.61 446.25
a The weighteof the organs are in g. and the body weights are in Kg. 
b The weights of the organs are in mg. and the body weights are in Eg.
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TABLE 16
Thickness and chemical composition of the 
small intestine of dairy calves
Treatment Thickness Dry matter Ether extract Protein
(mm.) (/6) {%) (%)
Control
Holsteins 1.67a Hi.5o 9.52 i+.98
Jerseys 1.5k 1^.93 8.27 6.66
Oral CTC
Holsteins l.U-3 15.55 9.53 5-82
Jerseys 1.53 15*85 9.12 6.73
Injected CTC
Holsteins i.5o l5.i|-3 9.02 6.14-1
Jerseys 1.5.8 1 5 . 0 8 8.07 7.01
a average calculated values
thinness was very pronounced in the Holsteins in favor of 
the chlortetracycline-supplemented calves. The pooled 
chemical analyses of the small intestine is summarized in 
Table ! $ • The control and the injected groups had the lowest 
dry matter and ether extract content, respectively, among 
treatments. Coates et al. (UO) reported that the feeding of 
penicillin to chicks reduced the weight of the gut and the 
intestines. When the ratio of weight to length of intestine 
was computed, results indicated that the ratio in the un­
treated birds was always greater than those in the penicillin- 
fed chicks. From this observation these workers concluded 
that the feeding of penicillin to chicks results in a thin­
ning of the intestinal wall. In this study, Coates and 
associates (J+O) also found that the average crude fat con­
tents of the intestine of the penicillin-fed and the control 
birds were 2.88 and 2.^9 respectively.
D. Possible mode of action of chlortetracycline 
with regards to growth
From the present calf study, it appears that the "dis­
ease-level" condition of the animals was not a factor re­
sponsible for the growth-promoting effect of chlortetracycline. 
Chlortetracycline administration increased growth rate re­
gardless of whether the calves were raised in an old barn or 
in a new uncontaminated barn. An increase in growth rate in 
calves from chlortetracycline feeding in the new barn was 
obtained earlier as compared to the rate of growth of the
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antibiotic administered calves in the old barn* This indi­
cates from circumstantial evidence that the "disease level" 
of the calves in the present study failed to explain the 
growth effect due to administering chlortetracycline. Also, 
when the leucocyte counts of the blood from all the animals 
are used as criteria for an infectious condition, all calves 
were probably in the same state of health at all times re­
gardless of the treatment received and in which environment 
they were raised.
The effect of chlortetracycline administration to dairy 
calves was on over-all body growth and not to a particular 
major component, bone or tissue. Data on the weights and 
physical measurements of the separated meat tissue and bone 
of the 12th rib cut support this assumption.
The possible mode of action of chlortetracycline as a 
growth stimulant might be explained by an increase utiliza­
tion of nutrients. Calves treated with the antibiotic uti­
lized their feed more efficiently. Less total digestible 
nutrients were required per lb. of body weight gain in the 
antibiotic-fed calves as compared to the control animals.
The over-all thinner intestinal walls of the chlortetra­
cycline- supplemented calves give further evidence that this 
might result in a faster absorption of nutrients from the 
gastro-intestinal tract which would aid in a more efficient 
assimilation of nutrients. (Appendix Table 59a).
Since a close relationship between growth and the endo­
crine system exist, the stimulatory growth effect of chlor-
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tetracycline for young ruminants may be explained by the 
antibiotic's effect on some of the endocrine glands as well 
as the weights of other internal organs (Table 13). The 
chlortetracycline-treated calves had heavier adrenal and 
thyroid glands in comparison with the corresponding organs 
from the animals receiving no antibiotic. Also the livers, 
hearts, kidneys, spleens, testes, and thymuses of the anti­
biotic calves were heavier as compared with the corresponding 
organs of the control calves. When the organ weights were 
expressed per unit body weight, the ratios were inconsistent. 
This result seems to indicate that the heavier organ weights 
of the antibiotic-fed animals were either due to heavier 
body weights or to direct effect of antibiotic administration. 
However, further investigation is needed to justify those 
two theories; increased absorption and utilization of 
nutrients and the effect of the antibiotic on the endocrine 
and internal organs.
V. SUMMARY AKD CONCLUSIONS
Two trials were conducted to attempt to elucidate the 
mode of action of chlortetracycline as a growth stimulant in 
young dairy calves. The first trial consisted of 30 new­
born male calves (18 Holsteins and 12 Jerseys) which were 
housed in an old dairy calf barn. In the second trial, 31 
newborn dairy male calves (12 Holsteins and 19 Jerseys) were 
used and raised in a newly constructed calf barn furnished 
with new equipment and feeding utensils. Calves at each 
barn were divided at random into 3 groups according to 
breed. Group I was fed a basal ration and served as the 
control; Group II received chlortetracycline orally (£0 mg. 
daily in the milk, and a 0 level of Aurofac 2Aa in the 
calf starter); and Group III was administered weekly ij.00 mg. 
chlortetracycline in sesame oil by intramuscular injection* 
Feeding and management practices were similar for all groups.
A. Growth, efficiency of feed utilization 
and well-being of the calves
All antibiotic-treated calves in both barns made greater
aContains 3*6 grams chlortetracycline per pound of 
Aurofac 2A.
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body weight gains and consumed their feed more efficiently 
than their res-nective control animals to I4., 8, 12* and 16 
weeks of age. In the old barn these differences were sta­
tistically significant (P2.0.05) to 8 weeks of age and 
P<0.01 to Ij. and 12 weeks of age. There was no significant 
difference in body weight gains among treatments to 16 weeks 
of age; this might be due to the few number of animals in­
volved since half of the animals were slaughtered at the end 
of 12 weeks of age. In the new barn, the differences in 
body weight gains between the chlortetracycline-supplemented 
calves and the control animals were significant at P < 0.01 to
I4., 12, and 16 weeks of age; whereas to 8 weeks of age, it was 
significant at P<0.0£. When the data within breeds, between 
the two barns, were pooled according to treatments, and the 
analysis of variance computed, the results shoxtfed that the 
antibiotic-supplemented calves made significantly (P<0.01) 
greater body weight gains than did the control animals, 
(Appendix Tables 21a and 22a). Also there was no statisti­
cally significant difference in body weight gains of the 
calves raised in the two barns. The results obtained in 
this study indicate that regardless in what type of environ­
ment calves are raised, chlortetracycline administration in­
creases growth rate.
An earlier growth stimulation was observed In calves in 
the new barn than those raised in the old barn, and the 
growth response from antibiotic administration was detected 
earlier in the oral-fed groups than In the injected-treated
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animals.
Tile occurrence of scours was more prevalent in the old 
"barn than at tlie new barn when all calves that scoured were 
considered. In the old barn only the intramuscular injection 
of the antibiotic was effective in controlling scours. 
Whereas, in the new barn both methods of administering the 
antibiotic were effective.
The administration of chlortetracycline to dairy calves 
did not affect the percentages of hemoglobin, hematocrit, 
plasma calcium and inorganic phosphorus values, and white 
blood cell counts. There was no significant difference in 
white blood cell counts among the antibiotic and the control 
groups in the old and new barn indicating that all calves 
were probably in the same state of health at all times.
. A slightly lower body temperature (102.1° F. ) was ob­
served in the oral group as compared to the control animals 
(102.3° F.). However, It was not statistically significant 
when the analysis of variance was computed. The injected 
group responded variably.
B. Carcass studies
A total of 54 calves was slaughtered at 12 weeks of age 
(4 Jerseys and 5 Holsteins from each group) and at 16 weeks 
of age (5 Jerseys and 4 Holsteins from each group). Chlor­
tetracycline administration increased dressing percentages 
and the size and weight of the cuts of highest value in the 
veal carcasses, such as the rump (with shank and rump on)
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and the rib sections in comparison to those from the control 
animals,
When the planimeter area of the eye muscle (L. dorsi) 
was used as an indication of the amount of muscular tissue, 
carcasses from the antibiotic-treated calves -showed a higher 
meat yield than those from calves fed no antibiotic.
When the weights of the meat and of the bone of the 12th 
rib out were used as indices of the total muscular tissue and 
of the total bone, respectively, the data indicate that the 
effect of chlortetracycline upon the carcasses of dairy 
calves caused an over-all increase in body weight and not 
any particular component, bone or tissue.
C. Internal organs and small intestine
The supplemented calves showed heavier average weights 
of adrenal glands, thyroid glands, liver, heart, kidneys, 
spleen, testes, and thymuses in comparison with the corre­
sponding organs from the animals receiving no antibiotic. 
These differences were statistically significant for the 
adrenal glands at P 0.01 and the liver, heart, spleen, and 
testes at P 0,05. There was no significant difference as to 
the weights of pituitary glands and kidneys among the treat­
ments. When the organ weights were expressed per unit body 
weight, the ratios were inconsistent. In most cases, the 
chlortetracycline-treated calves had lower ratios than the 
control animals in all endocrine and internal organs studied.
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Thinner illeal and jejunal walls of the small intestines 
were obtained in the antibiotic-supplemented calves than in 
those of the controls. Inconsistent results were obtained 
in regards to the duodenal wall.
The pooled chemical analyses of the small intestines 
showed that the antibiotic calves had a higher dry matter 
and.higher protein value than did those of the control calves. 
There was no significant difference in ether-extract values 
of the small intestines among treatments.
D. Possible mode of action of chlortetracycline 
as a growth stimulant
The mode of action of chlortetracycline as a growth 
stimulant for young ruminants might be explained by in­
creasing the efficiency of utilization of nutrients or by 
its effect on some of the endocrine glands as well as other 
internal organs. Supporting evidence for these theories 
have been discussed. However, further -work is needed to 
justify the two theories which have been advanced.
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PART I
Growth Performance, Peed Utilization Efficiency, 
and Well-being of the Animal
TABLE la
Effect of GTC administration on the growth and efficiency of
feed utilization of dairy calves raised in an old barn to I}.
weeks of age
_
Treatments
Breeds
Control 
Jerseys Holsteins
Oral 
Jerseys ;dolsteins
intramuscular 
Injection 
Jerseys Holstein;
No* of animals 4 6 4 6 4 6
Av. initial wt. (lb„) 5 6 ,2 5 93*34 51 .75 88 ,67 54 ,oo 92 .00
Av. final wt. (lb.) 64»5o 1 0 7 ,0 0 6 8 , 5 o 1 1 0 .3 3 64 ,75 110.67
Daily gain per calf (lb. ) 0 .3 0 0.49 0 .6 0 0 .77 0 .3 8 0 .67
Daily grain consumption 
per calf (lb*) 0 ,2 0 0 .26 0 .13 0*21 0*25 0 .2 0
Grain per lb* body wt. 
gain (lb,) 0 .67 0 .5 4 0 .2 2 0.27 0 .6 6 0 .3 0
Daily hay consumption 
per calf (lb,) 0 ,1 1 0 ,1 1 0 .0 6 0 .09 0 .0 6 0 .1 0
Hay per lb, body wt, 
gain (lb,) 0 ,3 6 0,23 0 .0 9 0 .1 2 0 .1 0 0 ,16
TDN per lb, body wt* 
gain (lb,) 3.20 2.97 1.48 1.92 2.48 1.94
TABLE 2a
Effect of CTC administration on the growth and efficiency of
feed utilization of dairy calves raised in a new barn to k
weeks of age
CTC
Treatments Control Oral Intramuscular
Injection
Breeds Jerseys Holsteins Jerseys Holsteins Jerseys Holsteins
No* of animals 7 k 6 k 6 k
Av. initial wt. (lb.) 5 6 .0 0 91*75 5 7 . 5 o 8 8 .5 0 60 .3k 7 8 .0 0
Av* final wt. (lb.) 6 8 . 1k 1 0 8 .0 0 7k» 3k 109.75 75.83 10k*75
Daily gain per calf (lb.) 0*43 0 .58 0 .6 0 0 .76 0 .5 5 0 .9 6
Daily grain consumption 
per calf (lb.) 0 . 2^ 0 .1 7 0 .19 0 .1 3 0 .15 0 .2 1
Grain per lb. body wt. 
gain (lb.) 0 .5 6 0 .29 0 .3 2 0 .17 0 .27 0 .2 2
Daily hay consumption 
per calf (lb.) o .ok o. ok 0 .0 5 0 .0 6 0 .7 0 0 .9 2
Hay per lb. body wt* gain 
(lb.) 0 .09 0*06 0 .0 8 0 .08 0 .13 0.10
TDN per lb. body wt. 
gain (lb.) 2. 36 2*46 1.49 1.68 1,89 1*5?
TABLE 3a
Effect of CTC administration on the growth and efficiency of
feed utilization of dairy calves raised in an old barn to 8
weeks of age
Treatment s Control Oral
CTC
Intramuscular
Breeds Jerseys Holsteins Jerseys Holsteins
Injection 
Jerseys Holsteins
No. of animals 4 6 4 6 6
Av. initial wt* (lb*) 56.25 93.34 5i.75 88.67 54.00 92.00
Av* final wt* (lb*) 85.75 142.25 1 0 2 * 7 5 160.75 97.75 151.83
Daily gain per calf (lb*) 0.53 .. 0.87 0 . 9 1 1.29 0.78 1.07
Daily grain consumption
per calf (lb*) 1*19 1*57 1 . 1 2 1.98 1.28 1.61
Grain per lb* body wt*
gain (lb«) 2*2^ 1 . 8 0 1*23 1.53 1 . 6 4 1.50
Daily hay consumption per
calf (lb*) 0.34 0*35 0 * 2 2 0.38 0*34 0*45
Hay per lb* body wt.
gain (lb•) 0.63 0 . 4 0 0 * 2 4 0.30 0.37 0.42
TDN per lb* body wt*
gain (lb.) 2.11 1 . 6 4 1*10 1.37 1.50 1.41
TABLE I4.fi
Effect of CTC administration on the growth and efficiency of
feed utilization of dairy calves raised in a new barn to 8
**aeks of age
_
Treatments
Breeds
Control 
Jerseys Holsteins
Oral
Jerseys Holsteins
intramuscular 
Injection 
Jerseys Holstein;
No. of animals 7 4 6 4 6 4
Av* initial wt. {lb.} 56.00 91.75 57.50 88.50 60.34 7 8 .0 0
Av• final wt• {lb.) 914*57 135*50 108.67 147.50 109.34 1 4 1 .5 0
Daily gain per calf (lb* ) 0.69 0.78 0..91 1*05 0.88 1 .1 3
Daily grain consumption 
per calf (lb.) 1.25 1.27 1*36 1 . 4 2 1.37 1 . 3 1
Grain per lb* body wt* 
gain {lb.) 1*81 1*62 1*49 1.34 1.55 1 . 1 5
Daily hay consumption 
per calf (lb.) 0.21 0*27 0.25 0.30 o* 26 0 .4 3
Hay per lb. body wt* 
gain (lb.) 0.30 0*34 0.2? 0.23 0 . 2 9 0 . 3 8
TDN per lb. body wt. 
gain (lb.) 1.60 1.47 1.33 1.21 1.39 1 , 1 1
TABLE 5a
Effect of OTC administration on the growth and efficiency of
feed utilization of dairy calves raised in an old barn to 12
weeks of age
Treatments Control Oral
CTC
Intramuscular
Breeds Jerseys Holsteins Jerseys Holsteins
Inj.
Jerseys
ection
Holsteins
No. of animals 4 5 4 5 4 5
Av. initial wt. (lb.) 56 ,25 96*00 14-7.00 9 1 *1+0 54.00 93.80
Av. final wt. (lb.) 121.25 1 9 3 .0 0 H4.8 .5 0 2 2 0 .0 1 138.02 203.60
Daily gain per calf (lb.) 0 .77 1 .1 5 1*21 1 .53 1 .00 1 .31
Daily grain consumption
per calf (lb.) 1 .97 2 .7 7 2 .1 2 3 .37 2 .26 2 .9 2
Grain per lb. body wt.
gain (lb.) 2 .56 2 .4 1 1 .75 2 .2 0 2.26 2.23
Daily hay consumption
per calf (lb.) 0 *614. 0 . 5 s 0*58 0.68 0 .67 0 .71
Hay per lb, body wt* gain
(lb.) 0 , 814. 0 .5 1 O.I4.8 0.144 0 .67 0 .5 4
TDN per lb. body wt*
gain (lb.) 2 .47 2 .1 8 1 .64 1*98 2 .1 4 2 .0 5
Av. height gain (inch) 2 .50 2 .58 3.14-2 3 .2 5 3*88 3 .8 4
TABLE 6a
Effect of CTG administration on the growth and efficiency of
feed utilization of dairy calves raised in a neiv barn to 12
weeks of age
______________ CTC_________________
Treatments Control Oral Intramuscular
Injection
Breeds Jerseys Holsteins Jerseys Holsteins Jerseys Holsteins
No. of animals 7 4 6 4 6 4
Av* initial wt. (lb.) 5 6 , 0 0 90.50 58.5o 97.5o 60.34 7 8 .0 0
Av. final wt* (lb.) 125.91 1 8 5 .0 0 156.25 2 1 6 ,9 0 152.31 1 9 8 .1 7
Daily gain per calf (lb. ) 0.83 1,13 1,16 1 . 4 2 1.10 1.43
Daily grain consumption 
per calf (lb.) 2,12 2 . 6 0 2.17 2.73 2 . 2 4 2 , 5 0
Grain per lb. body wt. 
gain (lb.) 2,56 2,30 1,87 1 . 9 2 2.05 1*74
Daily hay consumption 
per calf (lb.) 0.42 0.45 0.58 0,54 0.55 0 . 7 8
Hay per lb. body wt. 
gain (lb.) 0.51 0.39 o.5o 0.38 0 . 5 0 0* 5 4
TDN per lb. body wt* 
gain (lb.) 2 . 3 0 2 . 0 4 1.75 1.73 1 . 3 9 1*66
Av. height gain (inch) 4*19 3.84 6.26 4.84 3.84 4.92
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TABLE 7a
Effect of CTG administration on the growth and efficiency of
feed utilization of dairy calves raised in an old barn to 16
weeks of age
Treatments Control Oral
CTC
Intramuscular
Breeds Jerseys Holsteins Jerseys Holsteins
Injection 
Jerseys Holsteins
No. of animals 2 3 2 3 2 3
Av. initial wt. (lb.) 57*50 92.31+ 1+7-00 93 .67 1+8.00 92.23
Av. final wt. (lb.) i5o*5o 21+7*30 171+.30 280.83 168.00 278.89
Daily gain per calf (lb. ) 0 .83 1.38 1.11+ 1.67 1 .07 1 .67
Daily grain consumption
per calf (lb.) 2 .59 3*56 2 .78 2 .9 0 2 .73 1+.15
Grain per lb. body wt.
gain (lb.) 3 .1 2 2 .58 2-1+1+ 2 .33 2 .55 2.1i-9
Daily hay consumption
per calf (lb.) 1 .03 1 .0 1 0.81+ 1.18 1*03 1 .20
Hay per lb. body wt.
gain (lb.) 1.21+ 0 .73 0.73 0 .7 1 0.96 0 .7 2
TDN per lb. body wt.
gain {lb.) 3 .1 2 2.1+3 2 .3 2 2 ,2 2 2 .52 2 .3 5
Av. height gain (inch) 6 .5 0 5.311- 7 .50 7.58 6 .5 0 6*61
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TABLE 8a
Effect of OTC administration on the growth and efficiency of
feed utilisation of dairy calves raised in a new barn to 16
weeks of age
CTC
Treatments
Breed
Control 
Jerseys Holsteins
Oral
Jerseys Holsteins
Intramuscular 
Injection 
Jerseys Holsteins
No. of animals k 2 k 2 k 2
Av. initial wt. (lb.) 54*25 90.50 58.50 97*50 58*75 71*50
Av. final wt. (lb.) 150.38 2 3 8. J4.5 1 9 2 .9 5 280* 81}. 2 2 4 .6 7 249*17
Daily gain per calf (lb. ) 0.86 1.32 1 . 2 0 1*61}. 1.48 1*59
Daily grain consumption 
per calf (lb.) 2.61 3*35 2 . 7 7 3*66 2 * 9 4 3*30
Grain per lb. body wt. 
gain (lb.) 3*03 2.53 2 .3 1 2.23 1.99 2 , 0 8
Daily hay consumption 
per calf (lb.) 0 . 7 0 0.81}. 0 . 8 8 0.79 0*75 0.92
Hay per lb* body wt. 
gain (lb.) 0.81 0.61j. 0 . 7 4 0*48 0.51 0.58
TDN per lb. body wt* 
gain (lb.) 2.83 2.3k 2 . 2 2 2.02 1.85 1*95
Av. height gain (inch) 5.88 6.04 7*90 7*55 8.11 8.59
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TABLE 9a
Analysis of variance of the body weight 
gains of calves raised in an old barn to 
4 weeks of age
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares P-value
Total 29 2 1 ,5 1 5 .6 3
Treatments 2 4 ,2 3 6 .5 2 2,118.26 6.49**#
Breeds 1 9 ,3 4 1 .7 0 9 ,3 4 1 .7 0 2 8 .6 1-;h;-
Treatments x Breeds 2 101.58 5 0 .7 8 0.16
Error Zh, 7 ,8 3 5 .8 3 3 26 .49
-^Significant at P .01
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TABLE 10a
Analysis of variance of the body weight 
gains of calves raised in a new barn to 
I4. weeks of age
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares P-value
Total 30 1 6 ,814.0.39
Treatments 2 3,863.61^ 1 ,9 3 1 * 8 2 6.35**
Breeds 1 5,091*68 5 ,0 9 1 * 6 8 16 • 724HS-
Treatments x Breeds 2 273*37 136.69 0.1t5
Error 25 7,611.70 30li-.l|7
Significant at P .01
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TABLE 11a
Analysis of variance of the body weight 
gains of calves raised in an old barn to 
8 weeks of age
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares P-value
Total 29 10,115*47
Treatments 2 2,312.32 1,156.16 5*48*
Breeds 1 2,698.94 2,698.94 12 • 80'!h>*
Treatments x Breeds 2 42.71 21.36 0.11
Error 2k 5,061.50 210.89
Significant at P <*05
Significant at P< .01
12k
TABLE 12a
Analysis of variance of the body weight 
gains of calves raised in a new barn to 
8 weeks of age
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 30 7,389.10
Treatments 2 1,1043*37 721.69 3*43*
Breeds 1 652.18 652.18 3.10
Treatments x Breeds 2 33.75 16.88 0.08
Error 25 5 ,2 5 9 . 8 0
* Significant at P < .05
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TABLE 13a
Analysis of variance of the body weight 
gains of calves raised in an old barn to 
12 weeks of age
Degrees
of
Variance source freedom
Stun of 
squares
Mean
squares F-value
Total 26 21,067.59
Treatments 2 Lj., 188.67 2,09il-.3i+ 6.30-:mC'
Breeds 1 9,792.ii7 9,792.1^7 29.I+7*-*
Treatments x Breeds 2 109.39 36.1.1.6
1-1H•O
Error 21 6,977 *06 332.2k
Significant at P <*01
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TABLE ll}-a
Analysis of variance of body weight 
gains of calves raised in a new barn 
to 12 weeks of age
Degrees
of
Variance source freedom
Sum of 
squares
Mean
squares F-value
Total 30 I6jlj.67.5l
Treatments 2 3,711-1*32 1,870.66 6. ICkk:-
Breeds 1 i4.j8lO.l4-l I4.,8l0.l4.1 15.68-:ki-
Treatments x Breeds 2 2[j.7.8l 123.91 0.ij.0
Error 25 7,667*97 306.12
■sk:- Significant at P <.01
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TABLE 15a
Analysis of variance of the body weight 
gains of calves raised in an old barn to 
16 weeks of age
Variance source
Degrees
of
freedom
Sura of 
squares
Mean
squares P-value
Total 111. 25,727.12
Treatments 2 3,36306 1,681.68 1.90
Breeds 1 14,351.14-7 14,351.47 16.19*-"c
Treatments x Breeds 2 33.95 16.97 0.02
Error 9 7,978.34 886.48
Significant at P <.01
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TABLE 16a
Analysis of variance of body weight gains 
of calves raised in a new barn to 16 weeks
of age
Degrees
of
Variance source freedom
Sum of 
squares
Mean
squares F-value
Total 17 21,439.^0
Treatments 2 6,361.82 3,180.91 6 ,
Breeds 1 9,002.85 9,002.85
'i*
•
V
CO-d-•
CO
Treatments x Breeds 2 228.62 76.21 0.16
Error 12 5,81j.6.11 Il.8 7 .l6
-:h:- Significant at P< ,01
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TABLE 17a
Analysis of variance of the birth weights 
of the Jersey calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 30 1 ,2 1 3 .1 0
Treatments 2 3^-99 1 7 .5 0 0.l]-9a
Barn 1 1 08 .57 1 08 .57 2 .7 1 a
Treatment x Barn 2 6 7 .2 1 33*61 0»8Ij.a
Error 25 1 ,0 0 2 .3 3 ij.0.09
a Not significant at P > *05
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TABLE 18a
Analysis of variance of the birth weights 
of the Holstein calves
Source
Degrees
of
freedom
Sum of 
squares
Mean
squares P-value
Total 29 ^525.37
Treatments 2 20l+*1+7 102.21+ 0.61+a
Barn 1 198.1+5 198.1+5 l*2l+a
Treatment x Barn 2 278.03 139.02 0.89a
Error 21+ 3,81jl+.l+2 160.18
a Hot significant at P>.0f>
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TABLE 19a
Analysis of variance of the pooled body 
weight gains of dairy calves to 4 weeks
of age
Variance source
Degrees
of
freedom
Sum. of 
squares
Mean
squares F-value
Total 60 2,8li{..02
Barn 1 83.08 83.08 3.03
Treatment 2 455.26 227.63 8 * 29-.HC-
Breed 1 382.95 382.95 13.95**
Barn x Treatment 2 123*95 61.98 2.26
Barn x Breed 1 101.99 101.99 3.71*
Treatment x Breed 2 29.46 14.73 o.54
Treatment x Barn x 
Breed 2 291.56 145.78 5*31**
Error (Animal within 
barn, breed and 
treatment) 49 1,345.77 27.46
* and Significant at P<C.05 and P<.01, respectively
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TABLE 20a
Analysis of variance of the pooled body 
weight gains of dairy calves to 8 weeks
of age
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 60 17,939.02
Barn 1 114.8.55 L4-8.55 0.75
Treatment 2 3,9^ 4-3.60 l,97i|-.30 9.95**
Breed 1 3,0i|.8,63 3,014.8*63 15.39**
Barn x Treatment 2 296.Ok 114.8.02 0,75
Barn x Breed 1 180.01 180.01 0.91
Treatment x Breed 2 79.63 39.82 0.20
Treatment x Barn x 
Breed 2 518.03 259.06 1,31
Error il-9 9,719.53 198.36
*-* Significant at P<,01
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TABLE 21a
Analysis of variance of the pooled body 
weight gains of dairy calves to 12 weeks
of age
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 57 39,595*40
Barn 1 655.01 655.01 2.0?
Treatment 2 8,476.34 4,238.17 13.41**
Breed 1 34,997.78 l4i997.78 47.33**
Barn x Treatment 2 107.66 53.83 0.17
Barn x Breed 1 141.19 141.19 1.31
Treatment x Breed 2 97.90 48.95 0.15
Treatment x Barn x 
Breed 2 271.07 135.54 0.43
Error 4 6 14,575.45 316.86
4HE- Significant at P< «0l
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TABLE 22a
Analysis of variance of the pooled body 
weight gains of dairy calves to 16 weeks
of age
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 32 ij.8jl76.97
Barn 1 1,137.09 1,137.09 1.8?
Treatment 2 9jij.8l.l5 ij.j7ij-0.58 7.79**
Breed 1 23,818.93 23,818.93 39.13**
Barn x Treatment 2 85.69 42,85 0.07
Barn x Breed 1 584.03 584.03 0.96
Treatment x Breed 2 82*81 ij.l.ij.1 0.07
Barn x Treatment x 
Breed 2 203*78 101.89 0.17
Error 21 12,783 «ij-9 608.74
■3k:~ Significant at P<.01
GTG occurrence and severity of
TABLE 23a 
scours of calves raised in an old barn
Treatment Breeds Calf No. Weeks
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Control Jersey3 18 2a
6 3 1
10 1
Holsteins 7
17
5
21 2
23 1 7  2
26
Oral Jerseys 1
(CTC) 16 1 1
28 6
11 2 3 7 7 2
Holsteins 14
4 2
15
20
25 6
8 1
Intra-* Jerseys 2 1
muscular 29 3
Injection 22
(GTC) 12
Holsteins 13
19 2
9 1
24
27 3
3 2
a No* of days scoured
TABLE 21+&
GTG occurrence and severity of scours of calves raised in a new barn
Treatment Breeds Calf No. Weeks
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Control Jerseys 33
35
1*6
3a
5 6
L8
49 3
56 2
57 3
Holsteins Ij-o
§258
63 5
6
6
3
Oral: Ho scouring occurred in this particular group
(CTC)
Intra­ Jerseys 31
muscular 36
Injection
(CTC)
Holsteins
45
55
62
42
1*4
54
61
3
6
a No, of days scoured
u>
O '-
Some of the constituents of the blood of
TABLE 25a
Breeds Jerseys Holsteins
1st collection (0-4 wks.) 3 6
Av* hemoglobin 8,60 9*32
Av. hemotocrit 31*14-3 38*1+8
Av. Ca (mg.$) 11 • 6i+ 11*99
Av. P (mg.%) 8.66 9*15
2nd collection (1+-8 wks.) 3 6
Av. hemoglobin 8,78 9*52
Av. hemotocrit 32.50 34*75
Av. Ca (mg.'/O 10.01 10*1?
Av. P (mg•%) 8.11 6.52
3rd collection (8-12 wk3.) 3 5
Av. Hb 9*57 9*32
Av* hemotocrit 34*88 3i+-*l|-li-
Av* Ca (mg.?S) 9*96 10*90
Av. P (mg.?&) 7*48 8-ll+
l+bh collection {12-16 wks.} 2 3
Av. Hb 9*30 10.00
Av. hemotocrit 32*25 36*01+
Av. Ca (mg*%) 9*55 10.07
Av# P (mg.$) 6.74 7*21
calves raised in an old barn
CTC
Oral
Jerseys Holsteins
3 6
7*93 11.20
2 9 . 0 0 39*75
10,11 10.29
9*14 9.06
3 6
8*35 9*17
32*00 34*05
9*59 10.36
8.72 6.79
3 5
10.30 10.35
34*88 3 6 . 8 0
■11. li 10*66
6*1+6 7 . 8 8
2 3
9*65 1 0 . 2 7
33*50 35.17
8*16 8.59
6.93 6.88
Intramuscular 
Injection 
Jerseys Holsteins
3 6
9-70 10.67
35*25 39.27
11,27 10.03
8.76 8 . 7 6
3 6
8 . 3 6 9.20
3 1 * 0 8 33*95
9*61 10.44
8 . 2 4 7.62
3 5
10.13 9.10
35.58 34.24
1 0 . 0 4 9.97
7.67 7*85
2 3
10.60 8 . 8 7
3 6 , 0 0 31*34
9*71 8 . 6 0
7*53 6*34
137
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TABLE 26a
Analysis of variance of white blood cell counts of 
dairy calves raised in an old barn at 12 weeks of age
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares P-value
Total 25 173,123 j 2.96
Treatments 2 24,679,858 12,339,929 1.94&
Breeds 1 1 2,772 ,224 12,772 ,224 2 *00a
Breed x Treatments 2 8,176,089 4 ,088 ,044 o.64a
Error 20 127,495,125 6,374,756.26
^ot significant at P;> .05
PART II
Physical Characteristics, Quality, and Chemical 
Composition of the Carcasses
TABLE 27a
Average weights of the standard cuts, planimeter areas and shearing
strengths of the L. dorsi of carcasses of control dairy calves
(old barn)
Age, No, 
and breeds
Av* wt. of round 
with shank and 
rump on
Av* wt* of 6th 
to 12th rib
Av. planimeter 
area of L. dorsus 
at rear of 12th rib
Av. shearing 
strength
Tib*) ^ (g*) (sq. in.) (lb./in. core)
Holsteins
16-weeks o
7 19.75 1912*00 4*57 25*00
23 14*31 1509*00 2.74 25.01
Av* 17*03 1710*50 3*66 25*00
12-weeks
26 10*75 1130.00 2.16 23,00
17 17*00 3433.00 3*39 23*62
21 12.00 1212.00 2.78 23*50
Av* 13*25 1258.00 2.78 23*37
Jerseys
16-weeks
10 8*06 809*00 2,36 25* 00
12-weeks
18 7*69 820.00 2*52 25*50
a average calculated values
TABLE 27a
Average weights of the standard cuts* planimeter areas and shearing
strengths of the L. dorsi of carcasses of oral CTC dairy calves
(old barn)
Ages No*, 
and breeds
Av. wt. of round 
with shank and 
rump on
Av. wt. of 6th 
to 12th rib
Av• planimet er 
area of L. dorsus 
at rear of 12th rib
Av. shearing 
strength
(lb.) (g.) (sq. in.) (lb./in. core)
Holsteins
16-weeks
8 20.06 2338.00 5.19 29*25
14 22*06 2434*00 3.99 23.67
Av. 21.06 2386.00 4-59 26*46
12-weeks
25 10.75 1083.00 2.79 23.00
20 17.75 1897.00 ij-.o5 22.50
15 16.25 1464*00 3.14 26.25
Av* III-. 92 lij.8l.3ii 3.33 23.92
Jerseys
16-weeks
11 10.19 1311.00 3.10 22.50
12-weeks
16 8.82 1719.00 2.74 19.00
28 9.82 1060.00 3.12 23.00
Av. 9.32 1390.00 2.93 21.00
TABLE 27a
Average weights of the standard cuts, planimeter areas and shearing 
strengths of the L. dorsi of carcasses of intramuscular injection CTC
dairy calves 
(old barn)
Age, No. 
and breeds
Av. wt. of round 
with shank and 
rump on
Av. wt. of 6th 
to 12th rib
Av. planimeter 
area of L. dorsus 
at rear of 12th rib
Av. shearing 
strength
Tib.) (g*} (sq. in.) (lb./in. core)
Holsteins
16-weeks
21}. 19.13 2025.00 T.17 25.50
9 21*.. 13 21j.66.00 5.57 27.00
Av. 21.63 22T5»5o ...T*87 26.25
12-weeks
27 10.50 1066.00 2.3T 26.25
13 IT. 5o 1191*.. 00 3.T2 20.83
19 16.9T 1711.00 3.78 17.00
Av. 13.98 1323.67 3.18 21.36
Jerseys
16-weeks
2 12.06 1912.00 3.80 27.00
12-weeks
22 9.T5 890.00 2.59 21.25
29 9.32 1130.00 2.75 22.00
Av. 9.39 1010.00 - 2.67 21.88
TABLE 27a
Average weights of the standard cuts* planimeter areas and shearing
strengths of the L. dorsi of carcasses of control dairy calves
(new barn)
Age, No. 
and breeds
Av. wt* of round 
with shank and 
rump on
Av. wt* of 6th 
to 12th rib
Av* planimeter 
area of L. dorsus 
at rear of 12th rib
Av. shearing 
strength
lib, ) Is*) (sq, in.) (lb./in. core)
Holsteins 
16«weeks
4 0 17.31 1902.00 3*41 19*75
52 16.88 1875.00 3*65 17*88
Av. 17,10 1888.50 3.53 18,82
12-weeks
58 15*81 1446*00 4.21 25*55
63 11,38 1039*00 2.18 12,88
Av. 13*60 1242,50 3*20 19*08
Jerseys
16-weeks
33 8,50 939.00 2.58 13.19
41 12.19 1457*00 2.51 25*75
48 12.94 1507*00 2.33 10.63
46 6*56 764*00 1,64 17*63
Av. 10.05 1166,75 2*27 16.80
12-weeks
49 6,5o 613,00 1,25 15.00
56 9.38 1100*00 1.96 21,50
57 8.50 916,00 1,63 13.75
Av* 8,13 876.34 l*6i 16,75
TABLE 27a
Average weights of the standard cuts, planimeter areas and shearing
strengths of the L. dorsi of carcasses of oral GTG dairy calves
(new barn)
Age, No. 
and breeds
Av. wt. of round 
with shank and 
rump on
Av. wt. of 6th 
to 12th rib
Av* planimeter 
area of L. dorsus 
at rear of 12th rib
Av. shearing 
strength
(lb.) (g.) (sq. in.) (lb./in. core)
Holsteins
16-weeks
34 22.63 2602.00 il-70 17.31
43 19-50 1952.00 4*21 14.25
Av. 21.07 2277.00 _____ 4-46 15.78
12-weeks
59 12,56 1427*00 2.50 18.44
53 13*50 1596.00 2,52 19.00
Av. 13.03 i5n.5o 2,51 18.72
Jerseys
16-weeks
39 11.19 1174.00 2.33 13.81
32 12.00 1394.00 2.28 9.75
47 11.00 1399.00 2.39 14.31
50 13.69 1886.00 3.17 18.50
Av. 11.97 1463.25 2.54 14.09
12-weeks
51 11.69 1355.00 2.73 17.06
60 8.38 986,00 2.03 19.75
Av, 10*04 1170.50 2,38 18.41
TABLE 27a
Average weights of the standard cuts, planimeter areas and shearing 
strengths of the L» dorsi of carcasses of intramuscular injection CTC
dairy calves 
(new barn)
Age, No, 
and breeds
Av, wt. of round 
with shank and 
rump on
Av, wt. of 6th 
to 12th rib
Av. planimeter 
area of L. dorsus 
at rear of 12th rib
Av. shearing 
strength
(lb.) (g.) (sq. in,) (lb./in. core)
Holsteins
16-weeks
42 22,63 2681,00 5.04 25.50
44 15.56 16ii8,00 3-19 11.50
Av, 19.10 2i61w50 A. 12 18.50
12-weeks
5k 13.06 1383.00 2,23 20,37
61 18.00 1939.00 3.55 21.00
Av, 15.53 1661,00 2.89 20.69
Jerseys
16-weeks
36 11.81 1431*00 2,63 11.88
31 13,81 1781.00 3.98 12.75
37 12,19 1350,00 2.78 16,50
45 ib* 56 1352.00 3*20 18.69
Av, 13,09 114.78,50 3,15 14.96
12-weeks
55 11,25 1205.00 2.00 21,44
62 9.50 955.00 1,88 13,56
Av, 10.5i 1080.00 1,94 17,50
TABLE 28a
The physical measurements of the carcasses of control dairy calves
(old barn)
Age, No* 
and breeds
1st rib to 
aitch bone
Length 
Lower edge 
of aitch 
bone to top
Chine bone 
to button
Width 
Round top of 
aitch bone to 
outside
Shoulder 
opposite 1st 
rib
Depth
Depth of body 
at 5th rib
of shank Left Right Left Right Top of Top of Thickness 
spinal spinal of meat 
canal to below
breast- breast­
bone bone
Holsteins
16-week
23
7
Av*
(mm.)
740.00 
SlpO * 00
790.00
(mm.)
527*00
573*00
550,00
(mm.)
195*00
230.00
212.50
(mm*) (mm.) (mm.) (mm.)
120.00 111.00 110.00 103*00 
146.00 142.00 117*00 122.00 
133*00 126.50 113*50 112*50
(mm* 7 (mm*) (mm.)
80.00 270,00 30.00 
95.00 265*00 4o.oo 
87.50 267.50 35.00
12-week
26
17
21
Av*
700.00
810.00
72ij..OO
744*67
500.00 
555»00
510.00 
521,67
180.00
210.00
210.00
200.00
104.00 107*00 92.00 95.00 75.00 240.00 30.00
125.00 126.00 113.00 113.00 115.00 258.00 27.00
110.00 110.00 96.00 96*00 80,00 255.00 28.00 
113.00 114.34 100*34 101.34 90,00 251*00 28.34
Jerseys
16-week
10 685*00 470.00 185*00 88.00 88.00 75.00 75.00 80.00 240.00 15.00
l2-i\re ek 
18 655.00 460*00 185*00 90,00 91.00 71.00 75*00 80.00 240.00 20.00
f-<
4="O'
TABLE 28a
The physical measurements of the carcasses of oral GTC dairy calves
(old barn)
Age, No. 
and breeds
1st rib to 
aitch bone
Length 
Lower edge 
of aitch 
bone to top
Chine bone 
to button
Width 
Round top of 
aitch bone to 
outside
Shoulder 
opposite 1st 
rib
Depth
Depth of body 
at 5th rib
of shank Left Right Left Right Top of Top of Thickness 
spinal spinal of meat 
canal to below
breast- breast­
bone bone
Holsteins
16-week
8
lit-
Av.
(mm*)
85o*oo
892.00
871*00
(mm.)
570.00
590.00 
580.00
(mm. ;
230.00
2ij.0,00
235.00
(mm.) (mm.) (ram.) (mm.) (ram*) (mm.) (ram.)
143.00 137*00 112.00 131.00 115.00 265.00 40.00
137.00 142.00 121.00 127,00 102.00 298.00 44.00
140.00 139*50 116,50 129.00 108.50 281.50 42.00
12-week
25
20
15
Av.
665*00
810.00
735.00
736.67
ij.8o.oo
535.00
523.00 
512.67
180.00
210.00
200.00
196.67
107.00 103.00 95.00 93.00 82.00 238.00 40.00
137.00 136.00 115.00 112.00 105.00 275-00 33.00 
122.00 122.00 117.00 112.00 90.00 260,00 35.00 
122.00 120.34 109*00 105.67 92.34 257.67 36.00
Jerseys
16-week
11 750.00 500*00 210.00 74.00 85*00 88.00 88.00 80.00 270.00 20.00
12-week
16
28
Av®
680.00
723.00
701.50
ij.70.oo
500.00
485.00
177.00
200.00
188,50
75.00 83.00
82.00 84.00 
78.50 83.50
90,00
86.00
88.00
84,00
85.00
84*50
80.00 255.00 25.00
85.00 265.00 25.00 _ 
82.50 260.00 25.00 £
TABLE 28a
The physical measurements of the carcasses of intramuscular injection CTC dairy calves
(old barn)
Age, No* 
and breeds
1st rib to 
aitch bone
Length 
Lower edge 
of aitch 
bone to top
Chine bone 
to button
Width 
Round top of 
aitch bone to 
outside
Shoulder 
opposite 1st 
rib
Depth
Depth of body 
at 5th rib
of shank Left Right Left Right Top of Top of Thickness 
spinal spinal of meat 
canal to below
breast- breast­
bone bone
Holsteins 
16“Week
2k
9
Av*
(mm* )
810.00
915.00
862*50
(mm*)
5ii-2.00
615.00
578.50
(mm*)
215.00
245.00
230.00
(mm*) (mm*) (mm.) (mm.) (mm.) (mm*) (mm*)
154.00 130.00 117.00 112*00 95.00 255*00 45.00
150.00 149.00 122.00 122.00 115.00 295*00 35*00
152.00 139.50 119.50 117.00 105.00 275.00 40.00
12~week
27
13
19
Av*
695.00
790.00
795.00
760.00
500.00
540.00 
565* 00
535.00
190.00
205.00
220.00 
205.00
117.00 113.00 100.00 94.00
134.00 140.00 111.00 107*00
124.00 124*00 105.00 106.00 
125.00 125*6? 105.34 102.34
75*00 248.00 32.00 
84*00 266.00 32*00 
93*00 267*00 30*00 
84.00 260.34 31.34
Jerseys
16-week
2 760.00 531.00 185.00 94.00 94.00 91.00 90.01 95.00 255.00 20.00
12-week 
22 
29 
Av*
690.00 
69k*00 
692*00
490.00
495.00 
492*50
205.00
200.00
202.50
88.00 96.00
79*00 75.00
83.50 85*50
88.00
82.00
85.00
83*00
78.00
80.50
80.00 250.00 20.00 
65.00 245*00 25.00 _
82.50 247.50 22.50 £—  -» ' ■— — ^33 * 1
TABLE 28a
The physical measurements of the carcasses of control dairy calves
(new barn)
Age, No. 
and breeds
1st rib to 
aitch bone
Length 
Lower edge 
of aitch 
bone to top
Width
Chine bone Round top of 
to button aitch bone to 
outside
Shoulder 
opposite 1st 
rib
Depth
Depth of body 
at 5th rib
of shank Left Right Left Right Top of Top of Thickness 
spinal spinal of meat 
canal to below
breast- breast­
bone bone
Holstein 
16-week 
40 
52 
Av*
(mm*)
820.00
780.00
800.00
(mm.)
555*00
532.00
543.50
(mm.)
220.00
206.00
213.00
(mm.) (mm.) (mm.) (mm.) (mm.) (mm.) (ram.)
133*00 135*00 14 4 * 0 0 112.00 90.00 270.00 30.00 
1 2 5 . 0 0 1 2 5 . 0 0 1 1 3 . 0 0 113.00 110.00 260.00 35*00 
1 2 9 . 0 0 130.00 113.50 112.30 95.00 265.00 32.50
12-week
58
63
Av*
775*00
720.00
747*5o
5 3 0 . 0 0
5 1 0 . 0 0
5 2 0 . 0 0
196.00
190.00
193*00
120.00 120.00 1 0 8 . 0 0  
105.00 105.00 97.00
1 1 2 . 5 0 1 1 2 . 5 0 1 0 2 . 5 0
97*00
96.00
96.50
95*00 265*00 32.00
95*00 1 4 0 , 0 0 2 5 . 0 0
95*00 202.50 28.50
Jersey
16-week
33
4x
48
46
Av*
7 2 2 . 0 0
790.00
7 8 0 . 0 0
630.00 
730.50
4 9 0 . 0 0
540.00 
544*oo
466.00 
5 1 0 . 0 0
190.00
220.00
210.00
1 8 0 . 0 0
200.00
77*00
8 0 . 0 0
100.00
66.00
80.75
85.00
8 0 . 0 0
100.00
61.00
81.50
80.00
90.00
90.00
74*00
83.50
82.00 85.00 236.00 19*00 
86.00 110.00 2 5 5 . 0 0 2 4 . 0 0  
90.00 95.00 270.00 2 7 . 0 0  
5 6 . 0 0  6 5 . 0 0 2 4 0 . 0 0 2 0 . 0 0  
78.50 8 8 , 7 5 250.25 2 2 . 5 0
12-week
¥56
57
Av*
665.00
705.00
716.00 
695.31b
470.00
4 9 4 * 0 0
485.00
483.00
180.00
190.00
182.00
184.00
73*00
75.00
74*00
74*00
73.00 
84*00
8 0 . 0 0  
79.00
75*00
86.00
90.00
8 3 . 6 7
65*00
86.00
70.00
.73*67
(—1
85.00 220.00 20.00 S
95*00 245.00 20.00
8 0 . 0 0 250.00 20.00 
86.67 238,34 20.00
TABLE 28a
The physical measurements of the carcasses of oral GTC dairy calves
(new barn)
Age, No. 
and breeds
1st rib to 
aitch bone
Length 
Lower edge 
of aitch 
bone to top
Chine bone 
to button
Width
Round top of Shoulder 
aitch bone to opposite 1st 
outside rib
Depth
Depth of body 
at 5th rib
of shank Left Right Left Right Top of Top of Thickness 
spinal spinal of meat 
canal to below
breast- breast­
bone bone
Holsteins 
16-week
34
43
Av.
(mm.)
8 8 0 . 0 0  
814-0.00 
8 6 0 . 0 0
(mm.)
600.00
5 7 9 . 0 0
589.50
(mm.)
235.00
215.00 
225.00
(mm.) (mm.) (mm.) (mm.) (mm.) (mm.) (mm.)
131.00 1 3 0 . 0 0 120,00 122,00 105.00 2 9 5 . 0 0 25.00 
1 3 8 . 0 0 1 3 8 . 0 0 1 0 0 . 0 0 1 2 5 . 0 0 1 0 0 . 0 0 2 7 5 . 0 0 2 5 . 0 0  
I3I4..50 1 3 4 * 0 0 1 1 0 . 0 0 123.50 102.50 285.00 25.50
12-week
59
53
Av.
760.00
780.00
770.00
5ii-0.oo
5 4 8 . 0 0
544. 0 0
200,00
200.00
200,00
1 3 0 . 0 0 1 3 0 . 0 0
102.00 103.00 
1 1 6 , 0 0 1 1 6 , 5 0
98.00
94.00
96.00
95.00 85.00 2 5 5 . 0 0 20.00 
97*00 120.00 260.00 28.00 
96.00 102.50 257*50 24*00
Jerseys
16-week
39
32
• 47 
5o
Av.
7 7 0 . 0 0
766.00
780.00
780.00
774*00
517.00
5 2 5 . 0 0
5 2 2 . 0 0
5 4 8 . 0 0
528.00
200.00
205.00
200.00
210.00
203.75
9 2 . 0 0 9 2 . 0 0
9 2 . 0 0 9 1 . 0 0  
1 0 6 , 0 0 1 1 0 . 0 0
94*00 9)4 . 0 0
96.00 96.75
82,00
90,00
8)4 .0 0
9 8 . 0 0
88.50
102.00 90.00 2L5.00 28,00
91.00 95.00 250.00 20,00
9 2 . 0 0 105.00 245.00 28.00
9 4 . 0 0 1 1 0 . 0 0 2 7 6 . 0 0 3 0 . 0 0  
74.75 100.00 259.00 26.50
12-week
51
60
Av.
765.00 
686.00 
725.50
5 3 2 . 0 0  
J492.00
5 1 2 . 0 0
195.00
182,00
188.50
95.00 83.00
75.00 8 3 .OO
85.00 8 5 . 5 0
90.00
7)4 .0 0
82.00
H
9 5 . 0 0 1 0 0 , 0 0 2 5 5 , 0 0 2 5 * 0 0 0
8 0 . 0 0 9 0 . 0 0 2 4 0 . 0 0 1 8 . 0 0  
8 7 . 5 0 95*00 247*50 2 1 , 5 0
TABLE 28a
The physical measurements of the carcasses of intramuscular injection CTC dairy calves
(new barn)
Age, Ho* 
and breeds
1st rib to 
aitch bone
Length 
Lower edge 
of aitch 
bone to top
Chine bone 
to button
Width 
Round top of 
aitch bone to 
outside
Shoulder 
opposite 1st 
rib
Depth
Depth of body 
at 5 th rib
of shank Left Right Left Right Top of Top of Thickness 
spinal spinal of meat 
canal to below
breast- breast­
bone bone
Holsteins
16-week
42
kb
Av*
(mm*)
8 7 5 * 0 0
790*00
832*50
(mm. J
6 0 5 . 0 0
5 4 4 . 0 0
574.50
(mm.)
2 4 6 . 0 0
2 0 0 . 0 0
2 2 3 . 0 0
(mm.) (mm.) (mm.) (mm.) (mm.) (mm.) (mm.)
120.00 137.00 122.00 120.00 120.00 275.00 33.00
1 1 8 . 0 0 1 1 8 . 0 0 1 0 3 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 2 6 5 . 0 0 3 0 . 0 0
1 1 9 . 0 0 1 2 7 . 5 0 111.50 1 1 0 . 0 0 1 1 0 . 0 0 2 7 0 . 0 0 31.50
1 2-week
54
61
Av*
715*00
7 90*00
752.50
5 0 3 . 0 0
5 6 0 . 0 0  
531.50
190.00
2 1 5 . 0 0
2 02*50
126.00 1 2 1 . 0 0 1 0 4 . 0 0 9 8 . 0 0 90.00 2 3 0 . 0 0 3 0 . 0 0  
1 2 1 . 0 0 1 2 1 . 0 0 1 1 4 . 0 0 1 1 0 . 0 0 1 1 0 . 0 0 2 7 0 . 0 0 3 4 * 0 0  
1 2 3 . 5 0 1 2 1 . 0 0 1 0 9 . 0 0 104.00 1 0 0 . 0 0 2 5 0 . 0 0 3 2 . 5 0
Jerseys
1 6-week
36 
31
37 
45
Av*
7 9 0 . 0 0
8 3 0 . 0 0
795.00
75o*oo
791*25
550.00
555.00
5 4 0 . 0 0
536.00 
545.25
2 1 0 . 0 0
2 2 0 . 0 0
205*00
2 0 0 . 0 0
208.75
92.00 91*00 
1 0 2 . 0 0 97*00  
1 1 7 . 0 0 1 1 7 . 0 0  
1 2 2 . 0 0 1 2 2 . 0 0  
108.25 106.75
9 2 . 0 0
1 0 6 . 0 0
9 2 . 0 0
1 0 1 . 0 0
97*75
9 7 . 0 0 1 1 0 . 0 0 2 7 5 . 0 0 3 3 . 0 0
9 6 . 0 0 105.00 275.00 28.00
92.00 100.00 260.00 25.00 
1 0 0 . 0 0 1 0 5 . 0 0 2 4 0 . 0 0 3 0 . 0 0
96.25 105.00 262.50 2 9 . 0 0
12-week
55
62
Av*
788.00
700.00
744.00
54o*oo
495.00
5i7.5o
200.00
185*00
192.50
88.00
73-00
80.50
89.00
7 2 . 0 0  
80.50
82.00
82.00
82.00
79.00 105.00 245*00 20.00 m
82.00 8 0 . 0 0 2 4 0 . 0 0 20.00 h>
80.50 92.50 242.50 20.00
TABLE 29a
Weights of the carcasses, 12th rib cuts, shrinkage and dressing
percentages of control dairy calves
(old barn)
1 2th rib
Calf Wo* Live weight Carcass Shrinkage Bone Meat Dressing
Warm Cool Percentage Weight Percentage Weight Percentage Percentage
Holstein
16-weeks
23
7
Av*
(lb.)
I8 8 .3i+ 
278.50 
233.U2
(lb.) (lb.)
9 7 . 0 0 9 3 . 0 0
1 3 3 . 0 0 1 3 0 . 0 0
1 1 5 . 0 0 1 1 1 . 5 0
1|..12
2.26
3.0b.
(g.7
66 . 0 0
6 0 . 0 0  
63.00
37.07
23.71
29.30
(g.)
112.00
193*00
152.50
7>
62.93
76.29
70.70
7°
5l.5o
b-7.75
b-9.26
12-weeks
26
17
21
Av*
ib-3* 5o 
2 2ij.. 00
17b-. 00 
180.33
6 9 . 0 0  
11 3 * 0 0  
8b. oo 
8 8 . 6 7
66*00
110.00
8 0 . 0 0
85.33
b-*35
2.65
b-*76
3*77
b-8.00
80*00
b.6 . 0 0
58.00
39.67
33*90
35.66
35.80
73*00 
156.00 
8 3 . 0 0  
10b . 00
60.33 
66.10 
6b-. 3b- 
6b.. 20
b-8 . 0 8  
5o. b5 
b.8.28 
b-9.17
Jersey
16-weeks
10 128.00 5b-* 00 52*00 3.70 3 5 . 0 0 33.02 7 1 . 0 0 66*98 b-2.19
12-weeks
18 119*00 5 2 . 0 0 51.00 1*92 3 1 . 0 0 38.27 5 0 . 0 0 61.73 b-3.70
TABLE 29a
Weights of the carcasses, 12th rib cuts, shrinkage and dressing
percentages of oral CTC dairy calves
(old barn)
12th Rib
Calf No. Live weight Carcass Shrinkage Bone Meat Dressing
Warm Cool percentage Weight Percentage Weight Percentage percentagi
(lb.) (lb.) (lb. J" <2/ (g.) te'T % %
Holstein
l6~weeks
8 282.50 1 4 5 . 0 0 1 4 1 . 0 0 2*76 90.00 28.30 2 2 8 . 0 0 7 1 . 7 0 51.33
llp 284-00 153.00 147.00 3.92 8 0 . 0 0 27.97 2 0 6 . 0 0 7 2 . 0 3 53.37
Av. 283.25 ll±9.00 144*00 3.36 85.00 28.15 217.00 71.85 52.60
12-weeks
25 lij.1.50 7 0 . 0 0 68,00 2.86 28.00 29*17 6 8 . 0 0 7 0 . 8 3 49.47
20 235.00 128.00 121.00 5.47 54.00 25.84 i55.oo 74.16 54.47
15 191.50 97.00 94*00 3.09 6 8 . 0 0 35.05 126.00 64.95 50.65
Av. 189.34 98,34 94*34 4.07 5 o . o o 30.06 116*34 69.94 ... 51*94..
Jersey
l6~weeks
11 1 6 0 . 5 0 72.00 71.00 1.39 55.00 33.95 1 0 7 . 0 0 66.05 44*86
12-weeks
16 1 3 2 * 0 0 61.00 59.00 3 . 2 8 5 7 . 0 0 37*01 9 7 . 0 0 62,99 46.21
28 1 5 1 . 5 0 68.00 66.00 2,94 46.00 33.09 9 3 . 0 0 6 6 . 9 1 44*89
Av. lii-1.75 64.50 62*50 3-10 5 2 . 5 0 .. 3ii£9... 9 5 . 0 0 64*41 4 5 . 5 0
H\n
u>
TABLE 29a
Weights of the carcasses, 12th rib cuts, shrinkage and dressing
percentages of intramuscular injection CTC dairy calves
(old barn)
12th Rib
Calf No. Live weight Carcass Shrinkage Bone Meat Dressing
Warm Cool percentage Weight Percentage Weight Percentage Percentage
Holstein
16-weeks
2ij.
Q/
Av*
(lb.)
2 4 6 . 6 7
325.00
285.81;
(lb.) (lb.)
1 2 9 . 0 0 126.00 
159.00 158.00 
144.00 142.00
2 . 3 3
0 . 6 3
1 . 3 9
(g.)
76.00
70.00
73*00
(%)
28.46
23.89
26.07
(g»)
191.00
2 2 3 . 0 0
207.00
71.54
76.11
73.93
52.30
48*92
50.38
12-weeks
27
13
19
Av.
1 4 2 . 0 0
215.00
219.50
192.17
6 9 . 0 0 6 7 . 0 0  
1 0 4 . 0 0 102.00 
1 1 0 . 0 0 1 0 8 . 0 0  
94.33 92.33
2-90
1 . 9 2
1.82
2.12
36.00
73.00
64*00
57.67
31*30
31.60
29.49
30.73
79*00
158.00
153.00
130.00
6 8 . 7 0  
68.4o 
70.51 
69.27
48.59
48.37
50.11
49.09
Jersey
16-weeks
2 176.00 81.00 79.00 2.47 63.00 31*19 139.00 68.81 46.02
12-weeks
22
29
Av.
lli 0.?5 
151.34 
146.05
66 • 00 
66.00 
66.00
63.00
64.00
63*50
4.55
3.03
3.79
37.00
3 2 . 0 0  
34.50
3 0 . 0 8
30.19
30.13
86.00
74*00
8 0 . 0 0
69.92
6 9 . 8 1
69.87
46 . 8 9  
43.61 
45.19
1—1
Vi
TABLE 29a
'Weights of the carcasses, 12th rib cuts, shrinkage and dressing
percentages of control dairy calves
(nevr barn)
12th Rib
Calf Wo. Live weight Carcass Shrinkage Bone Meat Dressing
Warm Cool Percentage Weight Percentage: Weight Percentage Percentag
lib.) (lb.) (lb.) CsD is*)
Holstein
16-weeks
5o 2 5 5*5o 1 2 9 . 0 0 121.00 6.20 58.00 25*79 176.00 75.21 50.69
52 2 2 2.3J+ 115.00 111.00 3.U8 7 1 . 0 0 27.95 I8 3 .OO 72.05 51.72
Av. 238.52 122.00 116.00 5*92 6J4..50 26.53 . 179.50 73.57 51.17
12-weeks
58 216.00 106.00 102.00 3.77 55* oo 26.01 128.00 73*99 59.07
63 156.00 75.00 68.00 9-33 Ij.1.00 32.55 8 5 . 0 0 67.56 58.08
Av. 186.00 90.50 85.00 6.08 li.3 . 0 0 28.76 106.50 71.25 58.66
Jersey
16-weeks
33 139.67 61.00 59.00 3-28 3 0 . 0 0 25.39 93.00 75.61 53.67
5 1 186.50 91.00 85.00 6.60 62.00 31.31 136.00 6 8 . 6 9 58.79
58 190*35 91.00 87.00 ij.<»l|0 56.00 3 2 . 0 0 119.00 6 8 . 0 0 57.81
56 115*35 55- 00 5 0 . 0 0 9 . 0 9 3 2 . 0 0 39.02 50.00 6 0 . 9 8 38*15
Av. 157*96 71.75 67.75 5 . 5 7 55*00 31.15 99.50 68*86 55.52
12-weeks
59 117.00 ij-7.00 5 3 . 0 0 8 . 5 1 2 5 . 0 0 35.25 58.00 65.75 50.17
56 155.35 6 7 . 0 0 62.00 7 •I4.6 55*00 32.35 9 2 . 0 0 67.65 56.10
57 136.00 60.00 58.00 3.33 22.00 20.00 88.00 80.00 5 5 . 1 2
Av. 132.78 58.00 5 5 . 3 5 6 . 3 1 3 0 * 3 5 28.53 76.00 71*57 5 3 . 6 8
TABLE 29a
Weights of the carcasses# 12th rib cuts, shrinkage and dressing
percentages of oral CTG dairy calves
(new barn)
1 2th Rib
Calf No. Live weight Carcass Shrinkage Bone Meat Dressing
Warm Cool percentage Weight Percentage Weight Percentage Percentage
(lb.) (lb.) (lb.) (g.) (g.)
Holstein
16-weeks
3k 299.67 160.00 156.00 2 . 5 0 71;. 00 21**92 223*00 75-08 53*39
k3 270.00 135.00 131.00 2.96 7 2 . 0 0 28.35 182.00 71.65 50.00
Av. 281}.. 6k l!i7 * 50 11*3.50 2*71 73-00 36.50 202.50 73.50 51.78
12-weeks
59 179-67 86.00 81*. 00 2.33 60.00 31**09 116.00 65*91 1*7*87
53 188.00 96.00 9 2 . 0 0 1*.17 3 8 . 0 0 22.89 128.00 77.11 51.06
Av. 183.81; 91.00 88.00 3.30 U9 . 0 0 28.65 122.00 71*35 1*9.50
Jersey
16-weeks
39 181;. 67 86.00 8 0 . 0 0 6 . 9 8 3 8 . 0 0 25.50 111.00 71*.50 1*6 . 5 7
32 • 181;. 31; 89*00 82.00 7.87 1*9.00 26.78 131**00 73.22 1*8.28
!*7 173.67 81.00 78.00 3*70 38*00 2503 112.00 71*.67 1*6.61*50 2 2 9 . 0 0 9 8 . 0 0 95*00 3 - 0 6 1*6.00 25.27 136.00 71**73 1*2.79
Av. 192.92 88*50 83.75 5*37 1*2.75 25.75 123.25 71**25 1*5*87
12-weeks
51 173-67 81;. 00 78.00 7.H* 60.00 32.26 126.00 67-71* 1*8.38
60 130.31* 55*00 5 2 . 0 0 7*27 1*3.00 39.09 67.00 60.91 1*2.20
Av. 152.01 69.50 65.00 5.80 5i.5o 31**80 96.50 65*20 ___1& 12.
H
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TABLE 29a
Weights of the carcasses, 12th rib cuts, shrinkage and dressing
percentages of intramuscular injection CTG dairy calves
(new barn)
12th Rib
Calf. Wo. Live weight Carcass Shrinkage Bone Meat Dressing
Warm Cool percentage Weight Percentage Weight Percentage Percentage
Holstein
16-weeks
32
kU
Av.
(lb.)
282.67
215.67 
239.17
(lb.) (lb.)
1 5 6 . 0 0 1 3 9 . 0 0
105.00 1 0 3 . 0 0  
130.50 126.00
3*39
1.90
3.35
(g.)
100.00
5 1 . 0 0
7 5 . 5 0
28.99
26.98
28.28
(g.)
235*00
138.00
191.50
71.01
73.02
71.72
55.19
38.69
52.37
12-weeks
53
61
Av.
179.00
236.67
207.83
87.00 83.00 
118.00 1 1 3 . 0 0  
102.50 99.00
3.35
3*3o
3.31
58.00
6 3 * 0 0
6 1 . 0 0
33.33
29.63
31.28
116.00
152.00
133.00
66.67
70.37
6 8 . 7 2
38.60 
39* 86 
39.32
Jersey
1 6-weeks
36 
31
37 
35
Av.
203.67
208.67 
173*67
211.67
199.67
1 0 3 . 0 0
107.00
89.00
9 8 . 0 0
99.25
95.00
99.00
85.00 
9 3 * 0 0  
93.25
7*77
7.38
3*39
3 . 0 8
6.05
5 5 . 0 0
62.00 
60.00 
39.00 
56.50
29.57
26.72
31.58 
27.37
28.72
131.00
170.00
1 3 0 . 0 0
130.00
130.25
70.33
73.28 
6 8 . 3 2  
72.63
71.28
50.57
51.28
50.95
36.30
39.71
12-weeks
53
62
Av.
166.17
135.67
155.92
75.00
61.00 
68.00
73.00
59.00
66.00
2.67
3.28
. 2*_93..
5 5 . 0 0
3 7 . 0 0
5 1 . 0 0
36.18
37*60
33*23
102.00
78.00
98.00
63.82
62.30
65.77
35.13
3l.88
33.61
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TABLE 30a
Analysis of variance of the width 
of rounds of calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares P-value
Total 53 2 7,2 8 8 * 8 3
Treatments 2 1,111.69 555.85 6 .92-:h:-
Breeds 1 1 8 ,2 6 0 . 1 6 1 8 ,2 6 0 . 1 6 560*13**
Treatment x Breeds 2 6 5 . 2 0 3 2 . 6 0 0.1j.l
Age 1 1 ,1 6 6 . 6 8 1 ,1 6 6 * 6 8 17.59*
Age x Treatments 2 132,63 66 *32 0.83
Age x Breeds 1 1,301}.. 76 1 ,301}..76 1.39
Age x Breeds x 
Treatments 2 1 ,871}-. 83 937-1-1-2 1 1 . 6  7-:;-:c-
Error k z 3,372.88 80*31
* Significant P< 0.05
-:h:- Significant PC 0*01
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TABLE 31a
Analysis of variance of the length of 
carcasses of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares P-value
Total 53 217,499*88
Treatments 2 17,934.26 8,967.13 6 .1 7-*-::-
Breeds 1 40,071.13 40,071.13 74 * 6 0*;:-
Treatment x Breeds 2 1,074.31 537.15 0.37
Age 1 53,455.58 53,455.58 20.16#
Age x Breeds 1 15,386.91 15,386.91 1.32
Age x Treatments 2 5,301.59 2,650.79 1.82
Age x Breeds x 
Treatments 2 2 3 ,2 4 0 . 3 6 11,620.18 8 . 00-2HC-
Error 4 2 61,035.74 1,453.23
-Si- Significant P < 0.05
->:£• Significant P^ C 0.01
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TABLE 32a
Analysis of variance of the width of shovilders of 
the carcasses of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 53 11,7111.37
Treatments 2 616*33 308.17 13.38-::-*-
Breeds 1 7,130,00 7,130.00 105 * 0 7-*'"“-
Breeds x Treatments 2 135*71 67 • 86 2.95
Age 1 744.144 7144.28 6.31
Age x Treatments 2 245.38 122,69 5.33**
Age x Breeds 1 750.55 750.55 1.37
Age x Treatments x 
Breeds 2 1,0911*56 547.28 23. 76-:hc-
Error 42 967.14-0 2 3 , 0 3
-:hc~ Significant P<0.01
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TABLE 33a
Analysis of variance of the depth of body at lj.th rib 
of carcasses of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares P-value
Total 6,637.06
Treatments 2 862.75 1431.38 6.31-jhc-
Breeds 1 682.88 682.88 93*14-2*
Treatments x Breeds 2 H4..6I 7.31 0.11
Age 1 1,232.76 1,232.76 15.93*
Age x Treatments 2 15^.79 77.14-0 1.13
Age x Breeds 1 356.97 356.97 1.55
Age x Treatments x 
Breeds 2 lj.60.83 230»1|.2 3.37*
Error k* 2,871.l{.7 68.37
« Significant P<T 0.05
Significant PC0.01
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TABLE 3l|.a
Analysis of variance of the dressing 
percentage of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 53 69^-.73
Treatments 2 8l*66 40.83 9.52**
Breeds 1 313.97 313.97 13.08
Treatments x Breeds 2 47.99 24.00 5 • 60-::-*
Age 1 21*32 21.32 426.40-:;-;:-
Age x Treatments 2 0.10 o.o5 0.01
Age x Breeds 1 22.67 22.67 1.70
Age x Treatments x 
Breeds 2 26 . 69 13.35 3.11
Error 42 180.33 4.29
-:Bf Significant F< 0.01
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TABLE 35a
Analysis of variance of the weights of the rounds 
(with shank and rump on) of calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 53 1,02^.75
Treatments 2 59-30 29.65 IO.98-X-*
Breeds 1 1+96.05 1+96 • 05 620»06**
Treatments x Breeds 2 1.59 0.80 0.30
Age 1 129*58 129.58 28.73*
Age x Breeds 1 100.05 100.05 1.73
Age x Treatments 2 9*01 ij..5l 1,67
Age x Breeds x 
Treatments 2 115*96 57*98 21*1+7*-::-
Error U2 113.21 2.70
* Significant P < 0. 65
** Significant P< 0.01
TABLE 36a
Analysis of variance of the weights of the 6th 
to 12th ribs of calves
Variance
source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 53 12,489,599*60
Treatments 2 1,456,094.30 728,047.10 l4 * 20-:h :-
Breeds 1 3,201,781.40 3,201,781.40 1,006«19
Breeds x
Treatments 2 6,364*10 3,182.10 0.06
Age 1 2,684,919.90 2,684,919.90 39.36*
Age x Breeds 1 1,290,020.30 1,290,020.30 1.65
Age x Treatments 2 136,444* 70 68,222.30 1.33
Age x Breeds x 
Treatments 2 1,560,338.40 780,169.20 15.21-:-
Error j+2 2,153,636.50 51,277.00
* Significant P< 0«o5
Significant 0.01
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TABLE 37a
Analysis of variance of the planimeter area of 
L. dorsi taken at rear of the 12th rib of calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 53 48.33
Treatments 2 3.86 1.93 6.66-iBr
Breeds 1 13.69 13.69 144,11*-*
Treatments x Breeds 2 0.19 0.095 0.33
Age 1 6.87 6.87 12.72
Age x Breeds 1 4.21 4.21 1.30
Age x Treatments 2 1.08 0.54 1.86
Age x Treatments x 
Breeds 2 6.48 3.24 11 * 17-*-*
Error 42 11.95 0.29
Significant at P<. 0.01
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TABLE 38a
Analysis of variance of the weights of the 12th rib
meat of dairy calves
Degrees
of Sum of Mean.
Variance source freedom squares squares F-value
Total 53 121^181*33
Treatments 2 10,151*. 11 5,077.06 9.57
Breeds 1 31,585.85 31,585.85 1,763.59'
Treatments x Breeds 2 35.82 17.91 0.03
Age 1 30,912.29 30,912.29 70.16'
Age x Treatments 2 880.119 l}4o.5o 0.83
Age x Breeds 1 12,983.99 12,983.99 1.70
Age x Treatments x 
Breeds 2 15,366.63 7,683.31 lll-.50'
Error 42 22,262.15 530.05
Significant P <. 0.05
Significant P< 0.01
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TABLE 39a
Analysis of variance of the weights of the 12th rib
bone of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares P-value
Total 53 ll+,977*26
Treatments 2 1,182.82 591-ill J+.75*
Breeds 1 3,617,85 3,617.85 92.32-::-
Treatments x Breeds 2 78.37 39.19 0,31
Age 1 1,622.86 1,622.86 86.37*
Age x Treatments 2 37.58 18.79 0.15
Age x Breeds 1 1,067.90 1,067.90 1.00
Age x Treatments x 
Breeds 2 2 ,1 3 8 . 6 8 1,069.3ll 8«59**
Error 1+2 5 ,2 3 1 . 2 0 121+.55
* Significant P< 0.05~
Significant 0.01
TABLE l+Oa
Chemical composition of the 12th rib cut of the carcasses of control dairy calves
12th rib meat 12th rib bone
Breeds, Age Dry Ether Pat-free Dry Ash
and No. matter extracts lean matter
X aTI O A “TT o {%) (%) (/O {%)
m
d ©I o © ^ a
(12 weeks old) 18 1+1*91+ ' 11.30 30.61+ 86*63 1+6.58
1+9 31.01 20.27 10.71+ 70.80 53*81+
56 3U-.87 23*11-7 11.40 69*51+ 55*51
57 32.18 15*37 16.81 68.69 55*28
av. 35*00 17*60 17.1+0 73*92 52.80
Jerseys
(16 weeks old) 10 32.07 16.71+ 15.33 83.50 1+1*71+
1+1 39*30 17.89 21.5.1 65*38 51+* 98
48 38.10 8.97 29.13 69.03 55*28
1+6 31*79 12.07 19.72 71*36 55.23
av* 35*79 13.92 21.40 72.32 51.81
Holsteins
(12 weeks old) 26 35*19 10.91 21+. 28 78.96 1+2.38
17 31+.25 13*81 20.14 86.68 1+3.98
21 35*75 8.81+ 26.91 72.71 38.77
58 30*88 13*19 17*69 62.66 55*87
63 30.12 19*88 10.21}. 51+* 21 52.58
av* 33*214. 13*33 19*91 70.81+ 1+6.72
Holsteins
(16 weeks old) 7 28.23 16.37 11.86 88.3I+ 1+9*15
23 29.16 20.61 8.55 78.05 1+5.58
ho 37*71}- 16.70 21.01+ 70.37 52.1+6
52 3l+*51 34.91+ 19*57 68.04 56.05
av* 32.1+1 17.16 15*25 76.57 5o.8i 168
TABLE 40a
Chemical composition of the 12th rib cuts of the carcasses
of oral CTC dairy calves
12th rib meat 12th rib bones
Breeds, Age Dry Ether Fat-free Dry Ash
and No. matter extracts lean matter
X  a v >  O  A  "TT
(%) (5&J (%} {%) i%)
«J QJ: s @ y
(12 weeks old) 28 44.93 11.15 33.78 87.35 47.63
5l 30*36 24.34 6.02 69.68 56.90
60 32.37 17.94 14.43 85.70 48.88
av. 35.89 17.81 18.08 80.90 51.14
Jersey
(16 weeks old) 11 33.58 17.15 16.43 85.29 49.81
39 38.09 19.68 18*41 77.53 59.53
32 31.91 8.61 23.30 72.42 55.61
47 33-51 26.87 6*64 68.95 56.42
SO 30.83 17.56 13.2? 68.89 56.22
av* 33.58 17.97 15.61 74.62 55.52
Holsteins
(12 weeks old) 25 32.83 10.08 22*75 78.46 43.30
20 37.99 7.03 30.96 85.46 49.62
15 35.79 11.76 24.03 86.14 44*49
59 31.36 13.99 17.37 66.02 51.88
53 29.96 23.75 6.21 69.93 57.04
av* 33*59 13.32 20.27 77.20 49.27
Holsteins
(16 weeks old) 8 30*67 13.79 16.88 84.09 46.73
14 33.41 23.08 10.33 84.09 49.92
34 32.37 17.94 14.43 68.32 57.33
43 35.30 26*56 8.74 64*62 56.05
av* 32.94 20.34 12.60 75.28 52.51
TABLE 40a
Chemical composition of the 12th rib cuts of the carcasses
of intramuscular injection CTC dairy calves
12th Rib meat l2th Rib bones
Breeds, Age 
and No*
Dry
matter
Ether
extracts
Pat-free
lean
Dry
matter
Ash
Jersey
(12 weeks old) 29
22
55
62
av.
(%)
42^56 
33.57 
30. Qk 
35.66
m
k~&k
19.09
8.92
10.95
(%)
37.72
14.48
21*92
24.71
m
84-74
84.77
68.23
70.11
76.96
(56)
45.87
44.80
56.70
57.24
51.15
Jersey
(16 weeks old) 2
36 
31
37 
45
av.
34*58 
il-2.79 
34*31 
11-7.92 
34*73 
38.87
27.76
8.81
6.82
16*47
6.09
13.19
6.82
33.98
27.49
31.45
28.64
25.68
87.89
76.10
69.45
67.57
62.18
72.64
48.23
59.09
57.24 
57.69 
55.71 
55.59
Holstein 
(12 weeks old) 27
13
19
61
av.
33.11]- 
38.46
36*44
39.92
29.63
35.52
18.07
8.06
8.56
12.66
7*89
11.05
15.07
30.40
27.88
27.26
21.74
24.47
84*55 
85.87 
86.76 
68.27 
64*36 
77*96
46.80
45.33
44.89
56.20
54*50
49.54
Holstein 
(16 weeks old) 24
9
il-2
kb
av.
32.28
37.12
35.07
38*29
35.69
15.71
13.71 
6.65
12.86
12.23
16*57
23*4l
28.42
25.43 
23.46
76.14
83.72
68.49
64.29
73.16
42.12
47.23
58.25
54-70
50.58
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TABLE J+la
Analysis of variance of the dry matter percentage 
of the 12 rib meat of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 50 893*14-0
Treatments 2 81.19 40.60 2.23
Breeds 1 42.79 42.79 27.61*
Treatments x Breeds 2 3*09 1*55 0.085
Age 1 0*814. 0.84 0.084
Age x Treatments 2 19.94 9.97 0.55
Age x Breeds 1 1.89 1.89 0.11
Age x Treatments x 
Breeds 2 34*23 17*12 0.94
Error 39 709*43 18.19
-x Significant P 2.0.0]5
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TABLE 42 a
Analysis of variance of the ether extract percentage 
of the 12th rib meat of dairy calves
Variance source
Degrees
of
freedom
Slim of 
squares
Mean
squares F-value
Total 5o 1,735.77
Treatments 2 237*29 118.45 3.32*:;-
Breeds 1 1 2 ,5 2 1 2 .5 2 17.15
Treatments x Breeds 2 1 .1+5 0.73 0.002
Age 1 4 9 .8 8 49.88 3-11
Age x Treatments 2 3 2 ,01+ 16,02 0.52
Age x Breeds 1 5 9 .2 4 59.24 0.89
Age x Treatments x 
Breeds 2 1 3 3 .1+1 66.71 2.15
Error 39 1,209.94 3 1 .0 2
Significant 0.05
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TABLE 43a
Analysis of variance of the fat-free lean percentage 
of the 12th rib meat of carcasses of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 5o 3,377-35
Treatments 2 583.31 291 .66 4»Sl-:c-
Breeds 1 9.02 9 .0 2 2.07
Treatments x Breeds 2 8*69 4-35 0.07
Age 1 37.78 37.78 0.99
Age x Treatments 2 76,55 3 8 .2 8 0.63
Age x Breeds 1 100,61 100.61 1 ,0 2
Age x Treatments x 
Breeds 2 197.25 98.63 1,63
Error
n  » __ • * _______ t_ -f%  v  *->
39 2,364,14 60 • 62
X Sigrii f i c ant P < 0. 05
TABLE l+4a
Analysis of variance of the dry matter percentage of 
the 12th rib bone of carcasses of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 51 1,429.1+6
Treatments 2 103-31 5l* 66 2.26
Breeds 1 0.89 0.89 0.25
Treatments x Breeds 2 7.17 3.59 0.16
Age 1 52.36 52.36 0.87
A.ge x Treatments 2 120.01+ 60.02 2,63
Age x Breeds 1 32.36 32.36 1 . 4 2
Age x Breeds x 
Treatments 2 199.81+ 99.92 0 . 3 2
Error 1+0 913.49 22.84
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TABLE l)-5a
Analysis of variance of the ash percentage of the 
12th rib bone of carcasses of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 51 1,609.15
Treatments 2 3i+.55 1 7 , 2 8 0*56
Breeds 1 1 6 1 . 0 0 1 6 1 , 0 0 619.23*-::-
Treatments x Breeds 2 0.52 0 , 2 6 0 . 0 0 8
Age 1 128.52 1 2 8 . 5 2 lj.6.57#
Age x Treatments 2 5.52 2 . 7 6 0.09
Age x Breeds 1 29.75 29.75 3.96
Age x Breeds x 
Treatments 2 1 5 . 0 2 7.51 0 . 2I4.
Error ko 1 ,23I4..27 30.86
Significant P<0.05
Significant P<0.01
PART III
Physical and Chemical Characteristics of the 
Internal Organs and Small Intestines
TABLE 46a
Weights of various endocrine and internal organs
of control dairy calves raised in an old barn
Treatment, 
age and 
Breed Adrenal Heart Kidney Pituitary Spleen Testis Thymus Thyroid Liver
(g.) (g.) (g.) (g.) (g.) Cg>}
... - ^ T -
""Tg'-T (g.)
Holstein
16 weeks
23 6.10 432.00 434.00 0.80 183.00 42*30 426.00 18.90 1829.00
7 6.50 321.00 509.00 1.08 219.00 lj-7 .lj-0 362.00 16.60 2122.00
Av. 6.30 486 «30 I4.S2.50 0.94 201.00 43*83 294.00 17.73 1973.30
12 weeks
26 5.50 341*00 306.00 0.3l 131.00 26.00 189.00 7.23 1338.00
17 5-. 10 600.00 330.00 0.62 332.00 43.00 196.00 8.00 1940.00
21 3'.30 lj.38.0a lj.07.00 0.70 166.00 28.30 233.00 11.80 1334.00
Av. 3.30 ij-39.67 lj.Ui-33 0.61 209.67 33.17 213.33 9.02 1617-33
Jerseys 
16 weeks
10 5-io 376.00 320.00 0.50 161.00 31.00 232.00 9.70 1234.00
12 weeks
18 if.20 349.00 263.00 0-70 81.00 29.00 123.00 8.50 1066.00
TABLE 46a
Weights of various endocrine and internal organs
of oral CTO dairy calves raised in an old barn
Treatment, 
age and 
breed Adrenal Heart Kidney Pituitary Snleen Testis Thymus Thyroid Liver
(g*) (g.) (g.) Tg.) (g.) (&•) Ig.) (g.) tg* )
Holstein
16 weeks
8 7-45 599.00 557.00 1 . 2 0 261.00 64.00 429.00 17.10 2416.00
14 8 , 0 0 577.00 518.00 1.37 274.00 6 3 . 6 0 335.00 23.50 2495.00
Av, 7.73 588.00 538.00 1.29 367.50 62.80 382.00 2 0 . 3 0 2450.50
12 weeks
25 3.50 315.00 284.00 0 . 4 0 1 1 3 . 0 0 21.00 121.00 8.50 1232.00
15 5.70 441.00 4 2 1 . 0 0 o.65 168.00 4 0 . 2 0 429.00 12.70 1813.00
20 4.10 680.00 537.00 0 . 8 0 231.00 37.00 455.00 18.70 2320.00
Av, 4«43 ij.78.67 4 1 4 . 0 0 0.62 170.67 32.73 335.00 13.30 1783.33
Jerseys 
16 weeks 
11 5.30 4 1 2 . 0 0 311.00 0,81 2 2 5 . 0 0 4 0 . 0 0 2 7 3 . 0 0 1 1 . 1 0 1561.00
12 weeks 
16 
28 
Av.
4 . 6 0
4.90
4.75
379.00
378.00 
378.50
360.00
328.00
3 4 4 * 0 0
0.60
0.85
0.73
1 8 3 . 0 0
1 8 7 . 0 0
1 8 5 . 0 0
3 0 . 0 0
33.00 
31.50
2 6 9 . 0 0
2 4 1 . 0 0
2 5 5 . 0 0
9.30
8 . 4 0
8.95
1 5 3 5 . 0 0
1 4 7 6 . 0 0  
1 5 0 5 . 5 0
H—a
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TABLE i|.6a
Weights of various endocrine and internal organs of intramuscular
injection GTG dairy calves raised in an old barn
Treatment,
age and
breed Adrenal Heart Kidney Pituitary Spleen Testis Thymus Thyroid Liver
(g- 5 (g.) (g*) (g.) (s.) (g.) (g.) (g.) (g. )
Holstein
16 weeks
2 4 6 . 4 0 5 2 8 . 0 0 5 8 0 . 0 0 1.05 2 4 8 . 0 0 57*00 3 0 7 . 0 0 2 1 . 6 0 2 2 6 3 . 0 0
9 6 . 3 0 6 9 6 . 0 0 5 3 0 . 0 0 0.98 3 0 1 . 0 0 6 2 . 0 0 3 2 2 . 0 0 19.25 2 4 2 8 . 0 0
Av. 6.35 612.00 555*00 1 . 0 2 279*50 59.50 314.50 20.43 2345*50
12 weeks
27 5 , 8 0 347*00 2 4 0 . 0 0 0 . 6 1 1 8 7 . 0 0 1 5 . 6 0 153.00 6.90 2340.00
13 5.50 5 6 2 . 0 0 4 6 9 . 0 0 0 . 6 0 2 0 0 . 0 0 42.50 314*00 16.00 2 2 0 5 * 0 0
19 5*65 436.00 4 2 0 . 0 0 0.95 244*00 49.00 395.00 14.70 1 8 7 2 . 0 0
Av. 5*65 248.33 376.33 0.72 210.33 35.70 287.33 12.53 1805.67
Jerseys
16 weeks
2 6 . 0 0 45l*oo 465.00 0.71 282.00 4 6 . 0 0 204.00 14*50 2 2 2 5 . 0 0
12 weeks
22 6*60 448*00 3 6 2 . 0 0 0.71 242.00 3 0 . 4 0 194*00 8.70 1680.00
29 5*o5 380.00 3 6 3 . 0 0 0.75 172.00 2 5 . 0 0 190.00 9*70 1543*00
Av. 6.83 414.00 362.50 0.73 207*00 2 7 . 7 0 1 9 2 . 0 0 9.20 1616.50
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TABLE If6a
Weights of various endocrine and internal organs
of control dairy calves raised in a new barn
Treatment
age and
breed Adrenal Heart Kidney Pituitary Spleen Testis Thymus Thyroid Liver
(g.) (g.) tg*) (g. ) (g.) (g. ) (g.) tg.) (g. J
Holstein
16 weeks
Ii-0 8.1+0 532.00 6 0 4 . 0 0 1.17 336.00 62.00 256.00 16.10 2236.00
52 8 . 0 0 1*4 7 . 0 0 396'. 00 0.31 167.00 44*00 276.00 11.50 1720.00
Av. 8 . 2 0 4 8 9 . 5 0 500.00 0.99 251.50 53.00 261.00 13.80 1978.00
12 weeks
58 5.88 .4 8 7 . 0 0 436.00 1.12 205.00 47.00 205.00 13.64 1772.00
63 4*23 3 2 0 . 0 0 375.00 1 . 0 4 185.00 39.00 210.00 8.90 1625.00
Av. 5 . 0 8 4 0 3 . 5 0 405.50 1 . 0 8 195.00 43.00 207.50 1 1 . 2 7 1698.50
Jerseys
16 weeks
33 5.20 3 1 7 . 0 0 295.00 0.71 222.00 20.00 286.00 9.45 1 4 0 0 . 0 0
5.1 6 . 6 0 4 6 0 . 0 0 330,00 1.02 260.00 65.00 280.00 14.70 2005.00
48 6 • 61+ 5 0 0 . 0 0 4 0 5 . 0 0 1.30 300.00 85.00 315.00 14.74 1800.00
46 4»42 2 8 5 . 0 0 250.00 0.85 135.00 21,00 115.00 5.32 930.00
Av. i+-72 3 9 0 . 5 0 3 2 0 . 0 0 0.96 229.30 47.80 2 2 4 . 0 0 11.05 1533.80
12 weeks
k9 1+. 22 2 7 8 . 0 0 228.00 0 . 8 4 142.00 2 4 . 0 0 74.00 4.15 1043.00
56 5.30 3 8 3 . 0 0 310.00 0 . 9 4 2 3 5 . 0 0 3 0 . 0 0 150.00 12.20 1525.00
57 5.00 3 1 8 . 0 0 282.00 1 . 2 7 153*00 34*00 105.00 10.00 1215.00
Av. 1+.81+ 3 2 6 . 3 0 273.30 1 . 0 2 176.70 29.30 109.70 8 . 7 8 1261.00
OQ
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TABLE 46 a
Weight of various endocrine and internal organs
of oral CTC dairy calves raised in a new barn
Treatment
age and
breed Adrenal Heart Kidney Pituitary Spleen Testis Thymus Thyroid Liver
(g.) (g.) (g*) (g.) (g.) tg*) Ig.) (g.) (g.)
Holstein
16 weeks
34 8.85 670.00 539.00 1.12 330.00 97.00 450.00 16.30 2362.00
k3 7.98 555*00 4 0 3 . 0 0 0 . 8 0 238.00 61.00 428.00 15.70 1892.00
Av. 8.^2 812*50 471*00 0*96 284.00 79.00 439.00 16.00 2127.00
12 weeks
59 6.88 4 8 3 . 0 0 337.00 0.98 1 7 0 . 0 0 33*00 150.00 10.22 1416.00
53 7*46 4 8 9 . 0 0 370.00 1 . 0 4 350.00 59.00 200.00 18.60 1865.00
Av. 7.17 486.00 353.50 1.01 260.00 46*oo 175*00 14.41 1 6 4 0 . 5 0
Jerseys
16 weeks
39 5*70 3 2 0 . 0 0 342.00 1.02 210.00 5 0 . 0 0 185.00 1 1 . 7 7 1 6 0 0 . 0 0
32 5.60 428.00 2 9 5 . 0 0 0.99 262.00 8 4 . 0 0 1 3 7 . 0 0 1 0 . 8 0 1686.00
47 5.78 419.00 297.00 1.16 290.00 60.00 2 4 5 . 0 0 3.62 1419*00
5o 6.62 490.00 4 4 0 . 0 0 1.21 360.00 75.00 3 2 0 . 0 0 1 4 . 6 0 1995*00
Av. 5.94 4 4 1 . 8 0 343.50 1.10 280.50 67*25 2 2 1 . 7 5 11.45 1675.00
12 weeks
51 5.8o 435.00 365.00 1.25 325.00 53.00 287.00 1 0 . 4 0 1779*00
60 5.02 345*00 2 3 0 . 0 0 0.87 145.00 33.00 130.00 6.12 1 1 9 0 . 0 0
Av* 5.41 390.00 297.50 1.06 2 3 5 * 0 0 43.00 208.50 8*26 1484*5o 181
TABLE 46a
Weight of various endocrine and internal organs of intramuscular
injection CTC dairy calves raised in a new barn
Treatment,
age and
breed Adrenal Heart Kidney Pituitary Spleen Testis Thymus Thyroid Liver
(g.) (g.) (g.) (g.) (g.) (g.) (g.) (g*) (g. )
Holstein
16 weeks
42 9.00 740.00 586.0.0 1.04 300.00 100.00 443.00 16.00 2850.00
44 8*16 550.00 3 7 0 . 0 0 1.03 350.00 5 0 . 0 0 330.00 1 5 . 1 0 1 8 1 5 . 0 0
Av. 8.58 642.00 478.00 1 . 0 4 375.00 7 5 . 0 0 386.50 15.54 2 3 3 2 . 5 0
12 weeks
54 5 . 8 0 434.00 4 2 0 . 0 0 0 . 7 9 4 2 0 . 0 0 3 1 . 0 0 202.00 9.20 1 6 7 2 . 0 0
. 61 6 . 5 8 535.00 4 2 0 . 0 0 1 . 0 0 230.00 6 5 . 0 0 315.00 8.26 1 6 3 0 . 0 0
Av* 6 . 1 9 4§4.5o 4 2 0 . 0 0 0 . 8 9 375.00 48.00 258.50 8.73 1651.00
Jerseys
16 weeks
36 7.00 50 5 * 00 4 3 4 . 0 0 1 . 3 0 285.00 56.oo 368.00 11.51 1 7 8 4 . 0 0
31 7 . 0 0 5 3 7 . 0 0 4 1 7 . 0 0 1 . 0 6 283.00 54*00 284.00 13.20 2 0 0 8 . 0 0
37 7.40 4 8 1 . 0 0 353.00 0 . 8 8 330.00 54.00 384.00 11.30 1 8 1 2 , 0 0
45 7 . 1 8 4 2 7 . 0 0 417.00 0 . 9 6 189.00 3 9 . 0 0 375.00 10.76 1 6 1 4 , 0 0
Av. 7.15 487.50 405.30 1 . 0 5 271.75 50.75 327.75 11.69 1 8 0 4 . 5 0
12 weeks
55 6.48 3 7 8 . 0 0 333.00 0 . 7 2 202.00 5 4 . 0 0 220.00 1 0 * 64 1 5 7 7 . 0 0
62 4.16 2 2 5 . 0 0 295.00 0.85 170.00 2 5 . 0 0 150.00 7.92 1 0 9 5 . 0 0
Av. 5-32 3 0 1 . 5 0 3 1 4 . 0 0 0 . 7 9 1 8 6 . 0 0 39.50 1 8 5 . 0 0 9.38 1 3 3 6 . 0 0 162
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TABLE 4 7 a
Analysis of variance of the liver weights of dairy calves
Variance 
sour c e
Degrees
of
freedom
Sum of 
squares
Mean
squares F~value
Total 9,004,021,9
Treatment 2 755,028.4 377,912.7 4.97*
Age 1 1,554,825.2 1,554,825.2 26.51-::-
Breed s 1 1,943,704.2 1,943,704.2 92.41-::-
Treatment x Age 2 1 1 7,2 8 0 . 6 58,640.3 0.77
Treatments :c 
Breeds 2 4 2 ,0 6 8 . 7 21,034.35 0.28
Age oc Breeds 1 591,647.6 591,647.6 14.73
Treatments x 
x Breeds
Age
2 803,421.8 401,710.9 5.28-:-:-
Error 42 3,196,045.2 7 6 ,0 9 6 . 3 1
Signif ic ant P < 0 .65
Significant P< 0.01
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TABLE 1* 8 a
Analysis of variance of the heart weights of dairy calves
Degrees 
Variance of 
source freedom
Sura of 
squares
Mean
squares F-value
Total 53 639,976.32
Treatments 2 52,822.26 26,lj-11.13 1*. 8 7*
Age 1 8 8 ,0 8 8.1? 88,088.17 9.67
Breeds 1 163,251*. 13 163,251*. 13 693.1*9**
Treatments x Age 2 1 8,2 1 7 .141* 9,108.72 1.68
Treatment x Breeds 2 1*70.81 235.1*1 0.01*
Age x Breeds 1 3 2 ,2 7 1 . 3 0 3 2 ,2.7 1 . 3 0 l.li*
Treatments x
Breeds x Age 2 56,510.91 28,255.1*6 5.20-”-*
Error 1*2 2 2 8,31*1 . 3 0 5,1*36.70
¥ Significant P< 0,05
-:h:- Significant P<£ 0.01
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TABLE Ii-9a
Analysis of variance of the spleen weights of dairy calves
Variance
source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 53 272,561.70
Treatments 2 29,258.03 lij.,629.02 3.32*
Age 1 32,856', 00 32,856.00 80,55-
Breeds 1 3,082,66 3 >0 8 2 . 6 6 0.85
Treatments x Age 2 815.89 ij.07.95 0.09
Treatments x Breeds 2 7,258.12 3 ,6 2 5 . 0 6 0.82
Age x Breeds 1 5;660.55 5,660*55 0,81
Treatments x 
x Breeds
Age
2 13i995.01 6,997.51 1.59
Error )q2 185,305.99 5,512.05
*ir Significant P<0.05"
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TABLE 50a
Analysis of variance of the testis weights of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 53 19,475.73
Treatments 2 1,528.48 764.24 3.22*
Breeds 1 306.73 306.73 2.67
Age 1 5,223.48 5,223.46 12.83
Treatment x Breeds 2 229.57 114.79 0.48
Treatment x Age 2 406.98 203.49 0.86
Age x Breeds 1 515.95 515.95 0.79
Treatments x Age x 
Breeds 2 1,308.42 654.21 2 . 7 6
Error 42 9,956.14 237.05
* Significant at P< 0.05
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TABLE 5 la
Analysis of variance of the adrenal weights of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 53 1 0 8 . 8 8
Treatment 2 1 1 . 8 0 5.90 1 0 .9 2-**
Breed 1 li|.. 11 lii-.ll 1+0.31*
Age 1 29.93 29.93 1+9.07*
Treatments x age 2 1 . 2 1 0 . 6 1 1.13
Treatments x breeds 2 0 . 7 0 0.35 0.65
Breeds x age 1 1 3 . 1 2 1 3 . 1 2 1 . 7 4
Treatments x breeds 
age
X
2 15.06 7.53 1 3 .9 5**
Error k.2 22.65 0.51|-
* Significant P<0.05 
Significant P<0.01
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TAB1BS 52a
Analysis of variance of the pi-tuitary weights of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares P-value
Total 53 3 . 0 0 8
Treatments 2 0 . 1 0 6 0.053 0.95a
Breeds 1 0.001 0.001 0.1+0
Age 1 0.3*1-0 0.3*1-0 9.19
Treatments x breeds 2 0.005 0 . 0 0 3 0.05
Treatments x age 2 O.071J. 0.037 0.66
Age x breeds 1 O . Oij.0 O. Oij.0 0.77
Treatments x age x 
breeds 2 2.338 0.052 0.93
Error kz 2.056
a not significant
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TABLE 53 a
Analysis of variance of the kidney weights of dairy calves
Variance source
Degrees
of Sum of 
freedom squares
Me an 
squares F-value
Total 53 50^,597.33
Treatments 2 17,5o8.oo 8,754.00 2.28
Age 1 55,168.0? 55,168.07 20•21#
Breeds 1 158,762.66 158,762.66 20.93*
Treatment x Age 2 5,458.37 2,729.19 0.71
Treatments x Breeds 2 15,169.34 7,584*67 1.98
Age x Breeds 1 34,771.35 34,771.35 1 . 2 3
Treatments x Age x 
Breeds 2 56,598.65 28,299.33 7.37**
Error 42 161,160.89 3,837.16
# Significant' P < 0.05
## Significant P<0.01
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TABLE 54&
Analysis of variance of the thyroid weights of dairy calves
Variance source
Degrees
of
freedom
Sum of 
squares
Mean
squares F-value
Total 53 1,116.63
Treatments 2 13.23 6.62 0.58
Age 1 168*54 168.54 137.00**
Breeds 1 257.85 257.85 24.39*
Age x breeds 1 65.85 65.85 1.27
Treatments x age 2 2*46 1.23 0.11
Treatments x breeds 2 21.13 10.57 0 . 9 2
Treatment x breeds 
age
X
2 1 0 3 . 8 6 51.93 4 .5 1*
Error 42 433.71 11.52
* Significant P<£0.05
Significant P<0.01
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TABUJ 55a
Analysis of variance of the ratio of the pituitary 
weights (mg.) to body weights (lb,) of young dairy 
calves (IS weeks of age)
Degrees
Of
Variance source Freedom
Sura of 
squares
Mean
squares F-value
Total S6 65.84
Treatments 2 7.64 3.82 2.67
Breeds 1 25.37 25.37 17.74 *
Treatments x Breeds 2 2.80 1.40 0.98
Error 21 30.03 1,43
** Significant P<0.01
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TABLE 56a
Analysis of variance of the ratio of the pituitary 
weights (mg.) to the body weights (lb.) of young 
dairy calves (16 weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-value
Total 86 31.80
Treatments 8 0.40 0.80 0.03
Breeds 1 8.31 8.31 10.86*
Treatments x Breeds 8 5.55 8.77 3.48
Error 81 16.94 0.81
** Significant P<.0.01
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TABLE 57a
Analysis of variance of tli6 ratio of the adrenal weights 
(mg.) to body weights (lb.) of young dairy calves (12 
weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-value
Total 26 1,119.73
Treatments 2 1.10 0.55 0.001
Breeds 1 313.04 313.04 8.31**
Treatments x Breeds 2 14.42 7.21 0.19
Error 21 791.19 37.67
** Significant P-<C0.01
194
TABLE 58a
Analysis of variance of tile ratio of adrenal weights 
(mg.) to the body weights (lb.) of young dairy calves 
(16 weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-value
Total 26 4,987.89
Treatments 2 353.91 176.96 0.82
Breeds 1 1Q.69 10.69 0.05
Treatments x Breeds 2 96.87 48.44 0.23
Error 21 4,526.42 215.54
Mot significant
TABLE 59&
Thickness of the different portions of the small intestine of young dairy calves
Control Oral CTC Intramuscular injection CTC
No * and age 
of animals Upper Middle Lower
No. and age 
of animals Upper Middle Lower
No* and age 
of animals Upper Middle Lower
Hoisteins 
16 weeks
23
7
Av*
(mm. J
1*34
2.39
1.87
(mm.)
1 . 0 8
2.26
1.67
(mm. )
1.61
2.70
2.15
Holsteins 
16 weeks 
8
14
Av,
(mm.)
1.69
1.18
1.44
(mm.)
0.75
0.78
1.27
(mm.)
2.10
1 . 6 0
1.85
Holsteins 
16 weeks
24
9
Av.
(mm.)
1.28
1.77
1.53
(mm.)
0.78
1.10
0.94
(mm.)
2.00
2.67
2.34
12 weeks 
26 
17 
21 
Av.
1.90
2.25
1.04
1.73
0.71
0.98
0.78
0.82
0 . 8 0
1.02
1.60
l.lip
12 weeks
25
15
20
Av.
1 . 0 6
2 . 3 2
1.27
1.55
0 . 6 0
1,11
0.58
0.76
1.58
2 . 7 2
1.79
2.02
12 weeks
27
13
19
Av.
0.79
1,66
0.79
1 . 0 8
0.54
0.87
0.59
0.67
1*61
1.78
2.17
1.85
Jerseys 
16 weeks 
10 1.65 0.72 1.26
Jerseys 
16 weeks 
11 1.10 1.09 1 . 8 4
Jerseys 
16 weeks 
2 1.37 0.87 1.88
12 weeks 
18
Av.
1.22 0.72 1.37
12 weeks 
16 
23
Av.
2,89
l.4l
2.15
1.29
1.32
1.31
2.50
2.83
2.67
12 weeks 
22 
29 
Av.
1.01
1 . 0 8
1.05
0.79
0 . 8 0
0 . 8 0
1.47
2.33
1.90
i—1
V . O
Vrt
TABLE 59a
Thickness of the different portions of the small intestines of young dairy calves
_______  Control________________________ Oral CTC_____________ Intramuscular Infection CTC
Wo. and age Wo. and age Wo. and age
of animals Upper Middle Lower of animals Upper Middle Lower of animals Upper Middle Lower
(mm.} (mm. ) (mm.} (ram*) (mm. ) (mm, } (mm.) Tmrru) (mm 7)
Holsteins Holsteins Holsteins
16 weeks 16 weeks 16 weeks
4 0 1.30 1.10 1.85 34 1*57 1.02 2,04 42 1.57 1.02 1.92
52 2.06 1.27 2.89 43 1 . 2 4 0 . 8 4 2.27 kh 1*47 1.10 2 . 3 2
Av. 1.68 1.19 2.37 Av* 1 . 4 6 0.93 2.16 Av. 1.52 1.06 2.12
12 weeks 12 weeks 12 weeks
58 1.43 1.11 2.28 59 1.26 0.85 1.88 54 1.10 0.70 1.31
63 1 . 4 0 1.02 2.30 53 1.21 0 . 8 4 2.04 61 1.33 1 . 0 7 3.03
Av. 1.42 1,07 2.29 Av. 1 . 2 4 0 . 8 5 1.96 Av. 1.22 0.89 2.17
Jerseys 
16 weeks
33 1.19 1.11
41 1.83 1.21
48 1.23 0.91
4 6 1.39 1.00
Av. 1.4l 1.06
>eks
49 1.50 1 . 0 4
56 1.97 1.14
57 1.09 0.82
Av. 1.55 1.00
Jerseys
16 weeks
2.05 39 1.29
2.30 32 1.21
2.35 47 1.35
1.56 50 1.54
2.16 Av. 1,36
12 weeks
1.50 51 1.48
2.74 60 1.51
1.92
2.05 Av. 1.49
0,87 1.90
Jerseys 
16 weeks 
36
0.88 2.35 31
0.86 2.15 37
1.19. 2.10 45
0.93 2.13 Av.
1.12 2.49
12 weeks
55
0.96 2.30 62
1 . 0 4 2 . 4 0 Av.
1.45 1.07 1.89
1.27 0.87 2.1k
1 . 5 2 1.13 2.68
1.18 0*80 2.35
1.36 0.97 2.27
1.11 0 . 8 0 1.90
1.40 1.04 2.06
1,26 0.92 1.98 h
O'
19?
TABLE 60a
Chemical composition of the different portions 
of the small intestines of control dairy calves
Lower Part Middle Part Upper Part
Dry
matter
Ether
extract
fry
matter
Ether
extract
Dry
matter
Ether
extract
T%) (%) (%) (%) (#) m
Holsteins
16 weeks
40 15*86 9.61+ 9 . 8 1 7.65 14.27 7 . 2 0
52 15.85 4.52 34.36 5.97 1 4 . 0 4 6 . 6 6
Av. 1 5 . 8 6 7 . 0 8 12.09 6 . 8 1 1 4 . 6 6 6.93
12 weeks
58 16.59 7.97 14.90 8.09 14.42 6 . 4 0
63 III-. 8o 34.68 12.91 16.26 15.09 14.38
Av. 15.70 11.36 13.92 14.58 14.76 10.39
Jerseys 
16 weeks
33 15.21 7.05 15.10 7.91 17.52 10.10
41 14.70 5.96 14.90 7.50 15.03 8.39
48 I6 . 7 8 6.13 15.32 9.78 1 4 . 0 1 9.81
46 14*43 7.41 l4.45 7.17 14.92 9.97
Av. 15.28 6.64 14.94 8.09 15.37 9.57
weeks
49 16.19 6 . 8 2 10.79 12.02 1 5 . 2 2 8.14
56 14.49 8.16 10.75 9.12 13.91 7.97
57 17.84 7.58 15.91 8.47 16.00 8.26
Av* 16.17 7.52 12.48 9.87 15.04 8.12
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TABLE 6 0a
Chemical composition of the different portions 
of the small intestines of oral CTC dairy calves
Lower■ part Middle1 part Upper part
Dry
matter
Ether
extract
Dry
matter
Ether
extract
Dry
matter
Ether
extract
1 ’ (%) - ..m  .. {fo) (%) {%)
Holsteins
16 weeks
34 15.94 9.58 1 4 . 4 5 1 2 . 9 2 13.02 7.82
43 16.69 8.83 1 4 . 5 7 11.99 15.30 12.03
Av. 16.32 9.21 1 4 . 6 6 12.46 14.16 9.93
12 weeks
59 17*74 9.02 1 4 . 1 2 6,79 14.71 8.72
53 17.11 6.31 16.66 1 3 . 2 1 13.52 7.04
Av. 17*43 7*67 15.39 10.00 1 4 . 1 2 7.88
Jerseys 
16 weeks
39 1 4 . 6 0 11.09 1 4 . 6 9 10.51 15*62 9.09
32 16.29 9.93 14.48 10.60 14.23 9.60
47 16.32 7.03 14.17 10.48 16.57 10.00
50 17.55 9.33 17.64 10.34 16.62 9.50
Av. 16.19 9.35 15.25 10.4o 15.76 9.55
weeks
51 17*55 7.14 17.64 7.30 16.62 9.37
6 0 15.94 5.98 14.74 8.13 1 4 . 0 2 8.68
Av. 16.75 6 *56 16.19 7.72 1 5 . 3 2 9.03
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TABLE 60a
Chemical composition of the different portions of the small 
intestines of intramuscular injection CTC dairy calves
Lower part Middle part Upper part
Dry
matter
Ether
extract
Dry
matter
Ether
extract
Dry
matter
Either
extract
{fo) "'""1J o V (%) {%) (%) (*)
Holsteins
16 weeks
1+2 15*72 8.91 1 3 * 0 2 8.09 li+,21 9.98
l+l+ 16,03 9.38 16.21 8.89 16.22 9.23
Av. 15.88 9.30 11+.62 8*1+9 15.22 9*61
12 weeks
54 16,10 10.85 12.33 12.1+8 1 7 .11+ 7.06
61 17*1+6 5.30 14*99 9*05 15*69 8,61
Av, 16.78 8 . 0 8 13.66 10.77 16.1+2 7,81+
Jerseys 
16 weeks
36 H +.80 6.91+ 11.88 9.28 13.07 8.58
31 15*66 6.31+ 13*71+ 7.97 16.01+ 8.67
37 15*02 6 = 16 1I+.06 8.60 15.31+ 9*37
1+5 16.71 7.1+1+ 15.96 7.38 15.61 9.76
Av. 15.55 6.72 13.91 8.26 15.02 9.10
weeks
55 16*76 6 . 8 0 1I+.66 9.09 1 7 . 0 1 8 . 2 7
62 15.1+1 5.27 12.09 9.37 17.50 10.l4
Av. 16.09 6.01+ 13*38 9.23 1 7 . 2 6 9.21
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TABLE 61a
Analysis of variance of the feed efficiency of young 
dairy calves (4 weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-value
Total 60 237.92
Treatments 2 46.18 23.09 6.69 *
Breeds 1 0.99 0.99 0.29
Treatments x Breeds 2 1.19 0.59 0.17
Error
Significant P CO.01
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TABLE 62a
Analysis of variance of the feed efficiency of young 
dairy calves {8 weeks of age)
Degrees
of
Variance source Freedom
Sum of 
squares
Mean
squares F-value
Total 60 16.10 -
Treatments 2 4.67 2.34 11.39 *
Breeds 1 0.08 0.04 0.20
Treatments x Breeds 2 0.09 0.05 0.22
Error 55
0 4 4 -f»4 v,4- TQ s  r\ m
11.26 0.21
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TABLE 63a
Analysis of variance of the feed efficiency of young 
dairy calves (12 weeks of age)
________
of Sum of Mean
Variance source Freedom squares squares E-value
Total 57 15.66
Treatments 2 3.12 1.56 3.04
Breeds 1 1.06 1.06 5.47
Treatments x Breeds 2 0.99 0.50 2.55
Error 54 10.48 0.19
* Significant P < 0.05
** Significant P<£0.01
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TABLE 64a
Analysis of variance of the fe6d efficiency of young 
dairy calves (16 weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares E-value
Total 29 4.23
Treatments 2 1.72 0.86 10.95 "
Breeds 1 0.46 0.46 5.81 '
Treatments x Breeds 2 0.16 0.08 1.00
Error 24 1.89 0.08
** Significant P< 0.01
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TABLE 65a
Analysis of variance of tli6 ratio of th6 thyroid weights 
(mg.) to body weights (lb.) of young dairy calves (12 
weeks of age)
Variance source
Degrees
of
Freedom
Sum. of 
squares
Mean
squares F-value
Total 26 6,015.57
Treatments 2 392.59 196.30 0.86
Breeds 1 13.13 13.13 0.05
Treatments x Breeds 2 814.06 407.03 1.78
Error 21 4,795.79 288.37
Not significant
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TABLE 66a
Analysis of variance of the ratio of the thyroid weights 
(mg.) to body weights (lb.) of young dairy calves (16 
weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-valU6
Total 26 800.25
Treatments 2 121.76 60.88 3.03
Breeds 1 251.90 231.90 11.57**
Treatments x Breeds 2 25.72 12.86 0,64
Error 21 420.87 20.04
** Significant P<0.01
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TABLE 67a
Analysis of variance of the ratio of the spleen weights 
(g.) to body weights (lb.) of young dairy calves (12 
weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-value
Total 26 13.79
Treatments 2 0.12 0.06 0.095
Breeds 1 0.15 0.15 0.236
Treatments x Breeds 2 0.19 0.095 0.150
Error 21 13.33 0.635
Not significant
£07
TABLE 68a
Analysis of variance of the ratio of the spleen weights 
(g.) to body weights (lb.) of young dairy calves {16 
weeks of age)
Degrees
of Sum of Mean
Variance source Freedom squares squares F-value
Total 26 2.51
Treatments 2 0.02 0.01 0.15
Breeds 1 1.07 1.07 16.46
Treatments x Breeds 2 0.06 0.03 0.46
Error 21 1.36 0.065
** Significant P<0,01
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TABLE 69a
Analysis of variance of the ratio of the kidney weights 
(g.) to body weights (lb.) of young dairy calves (12 
weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-valU6
Total 26 2.06
Treatments 2 0.06 0.030 0.38
Breeds 1 0.06 0.060 0.76
Treatments x Breeds 2 0.28 0.140 1.77
Error
vju ■ . ■ i
21 1.66 0.079
Not significant
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TABLE 70a
Analysis of variance of the ratio of the kidney weights 
(g.) to body weights (lb.) of young dairy calves (16 
weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-value
Total 26 2.25
Treatments 2 0.40 0.20 2.50
Breeds 1 0.10 0.05 1.25
Treatments x Breeds 2 0.03 0.02 0.02
Error 21 1.70 0.08
Not significant
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TABLE 71a
Analysis of variance of the ratio of the heart weights 
(g.) to body weights (lb.) of young dairy calves (12 
weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares E-value
Total 26 3.70
Treatments 2 0.42 0.21 0.56
Breeds 1 0.30 0.30 2.22
Treatments x Breeds 2 0.15 0.08 0.56
Error 21 2.83 0.14
Not significant
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TABLE 72a
Analysis of variance of the ratio of the heart weights 
(g.) to tody weights (lb.) of young dairy calves (16 
weeks of age)
Degrees
of
Variance source Freedom
Sum of 
squares
Mean
squares F-value
Total 26 2.70
Treatments 2 0.57 0.19 2.63
Breeds 1 0.49 0.49 6.71 *
Treatments x Breeds 2 0.30 0.15 2.05
Error 21 1.54 0.07
Significant P<0.05
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TABLE 73a
Analysis of variance of the ratio of the testis weights 
(mg.) to body weights (lb.) of young dairy calves (IE 
weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-value
Total 26 74,536.33
Treatments 2 1,509.88 754.94 0.24
Breeds 1 7,282.20 7,282.20 2.35
Treatments x Breeds 2 801.30 400.65 0.13
Error 21 64,942.95 3,092.52
Not significant
TABLE 74a
Analysis of variance of the ratio of the testis weights 
(mg.) to body weights (lb.) of young dairy calves (16 
weeks of age)
Degrees
of Sum. of Mean
Variance source Ereedom squares squares F-value
Total 26 168,526.85
Treatments 2 9,644.27 4,822.14 0.77
Breeds 1 19,511.84 19,511.84 3.12
Treatments x Breeds 2 8,079.09 4,039.55 0.65
Error 21 131,291.65 6,251.98
Hot significant
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TABLE 75a
Analysis of variance of the ratio of the liver weights 
(g.) to body weights (lb.) of young dairy calves (12 
weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-value
Total 26 48.94
Treatments 2 0.98 0.49 0.22
Breeds 1 0.51 0.51 0.23
Treatments x Breeds 2 0.06 0.06 0.03
Error 21 47.53 2.25
Not significant
El 5
TABLE 76a
Analysis of variance of the ratio of the liver weights 
(g.) to body weights (lb.) of young dairy calves (16 
weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-value
Total S6 66.63
Treatments S 7.77 3.89 E. 07
Breeds 1 4.41 4.41 S.35
Treatments x Breeds E 15.05 7.53 4.01
Error El 39.40 1.88
Not significant
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TABLE 77a
Analysis of variance of the ratio of the thymus weights 
(g.) to body weights (lb.) of young dairy calves (12 
weeks of age)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares F-value
Total 26 4.50
Treatments 2 0.79 0.40 2.45
Breeds 1 0.04 0.04 0.25
Treatments z Br66ds 2 0.29 0.15 0.90
Error 21 3.38 0.16
Not significant
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TABLE 78a
Analysis of variance of tlie ratio of th6 thymus weights 
(g.) to body weights (lb.) of young dairy calves (16 
W 6  6 k S  of ag6)
Variance source
Degrees
of
Freedom
Sum of 
squares
Mean
squares E-valu6
Total 26 4.10
Treatments 2 0.30 0.15 0.96
Breeds 1 0.12 0.12 0.76
Treatments x Breeds 2 0.39 0.20 1.24
Error 21 3.29 0.16
Not significant
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